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1. Program Description

a. Introduction
Nanotechnology is the understanding and control of matter at the nanoscale, at dimensions
between approximately 1 and 100 nanometers, where unique phenomena enable novel
applications. 1 It is recognized that nanotechnology is central to the development of new
manufacturing technologies in many sectors such as electronics, communication, health, energy
as well as consumer products. The nation faces major challenges in revitalization of the
manufacturing sector, which is one of the key economic drivers in the U.S. economy.
Manufacturing contributes disproportionately to U.S. innovation. 2 Proximity to the
manufacturing process creates innovation spillovers across firms and industries, leading to the
ideas and capabilities that support the next generation of products and processes. In this way, a
vibrant manufacturing sector is inextricably linked to our capacity as a nation to innovate.5 A
critical step in building our capacity to innovate is securing our talent pool.
Recent reports have stressed the need to revitalize education in the science and engineering fields
so as to attract more U.S. students to these fields and prepare them to compete in the global
economy. 3 Education is traditionally based in academic disciplines that require in-depth
knowledge in specific areas. While specialization at the Ph.D. level has created immense
technological advances, there is a concern 4 that narrow specialization could become an
impediment in the increasingly competitive global technology marketplace. The need to meld
discovery, innovation and entrepreneurship presents a challenge to educators to provide students
with the broader context while retaining technical prowess. 5 With this goal in mind, the faculty
at the University of New Mexico embarked in 2004 to create a new interdisciplinary program in
Nanoscience and Microsystems (NSMS). The Nanoscience and Microsystems (NSMS) program,
and the associated NSMS graduate degree program, are based on the premise that the unique
properties of nanoscale materials must be integrated into micro and macro scale systems to be
transformed into devices that benefit society. Transforming nanoscale science into systems is our
unifying theme, as reflected throughout the academic and research activities, which build upon
our capabilities in materials synthesis, interrogative platforms and functional systems.
b. History of the NSMS Program
Nanoscience research originated on our campus with the establishment of the Center for High
Technology Materials (CHTM) in 1983, which arose from an initiative of the State of New
Mexico aimed at creating centers of research excellence. CHTM is focused on optoelectronic and
semiconductor materials. The Center for Microengineered Materials (CMEM) was established as
the Center for Microengineered Ceramics in 1989 as an NSF/Industry University Cooperative
1

National Nanotechnology Initiative, www.nano.gov
Report To The President On Capturing Domestic Competitive Advantage In Advanced Manufacturing, July 2012,
http://www.whitehouse.gov/sites/default/files/microsites/ostp/pcast_amp_steering_committee_report_final_july_17_
2012.pdf
3
Friedman, Thomas L., The World is Flat: A Brief History of the Twenty-first Century. New York: Farrar, Straus,
and Giroux, 2006
4
National Academy of Engineering, The Engineer of 2020: Visions of Engineering in the New Century. New York:
National Academies Press, 2004
5
Committee on Prospering in the Global Economy of the 21st Century: An Agenda for American Science and
Technology, National Academy of Science, National Academy of Engineering, Institute of Medicine. Rising Above
the Gathering Storm. New York: National Academic Press, 2007.
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Research Center, and continued to operate an industry-university partnership program for over
20 years. CMEM now serves as the focal point for nanomaterials research and education and,
jointly with the Earth and Planetary Sciences Department, helps manage some of the major
instrumentation for materials characterization. The two materials research centers (CHTM and
CMEM) are strategic research centers that report to the Vice President for Research. Together,
they helped bring together faculty and research facilities that led to an impressive growth in
materials research on our campus. The scientific impact of this research was gradually being
recognized and one measure was the inclusion of UNM in the list of High-Impact U.S.
Universities. UNM ranked within the top 5 institutions, ranked by average citations per paper,
among the top 100 federally funded U.S. universities that published at least 100 papers in ISIindexed journals of materials science between 1996 and 2000. 6 However, UNM lacked a
material science program and we could not attract students who came with undergraduate
degrees in materials science and engineering or from ceramics engineering. At that time, a
faculty member could not formally serve as an advisor to a student majoring in another
department, unless the faculty member had a secondary appointment in that department. This
made it difficult to recruit students from other disciplines, which was an impediment since
faculty research was increasingly becoming interdisciplinary. Faculty in the sciences and
engineering felt there was a need to create a graduate program that would integrate research and
education, and provide the educational backgrounds needed for students to effectively participate
in the growing technology marketplace. Submission of an NSF/IGERT grant in 2004 allowed
these two research centers to expand their ties to the departments outside of engineering, with
connections to chemistry, physics, biology as well as the biomedical sciences graduate program
in the school of medicine.
The NSF Interdisciplinary Graduate Education and Research Traineeship (IGERT) program in
Nanoscience and Microsystems was awarded in the fall of 2005. The NSMS IGERT was one of
five that year which received co-funding from the National Cancer Institute Alliance for
Nanotechnology. This NCI co-funding did not otherwise distinguish our IGERT grant from
others, since it did not impose any new reporting requirements. However, the co-funding helped
establish a partnership with the UNM Cancer Center and led to the inclusion of Prof. Janet
Oliver on our NSMS management team. The partnership that began with the IGERT grant
continued to strengthen and led to the NCI R25 Cancer Nanotechnology Training Center
(CNTC) grant that was awarded in 2010.
At the outset of the IGERT grant, the establishment of a graduate degree Program was
envisioned as a long-term goal. Prof. Abhaya Datye, who served as the IGERT education
director was asked to lead the effort to put together the graduate program and to seek approvals
from university departments and the administration. These efforts were aided by the active
support and encouragement by the Deans of Engineering (Joe Cecchi) and Arts and Sciences
(Reed Dasenbrock) who provided staff assistance to develop the degree program proposal.
Specifically, Kevin Malloy who served then as Associate Dean for Research in the School of
Engineering, and his counterpart Michael Dougher in the College of Arts and Sciences, helped us
in facilitating the internal review process for establishment of the new degree. The active interest
of the Deans and the faculty helped U.S. seek timely approvals at all levels, and the NSMS
6

ISI Science Citation Index, ranking of High Impact U.S. universities in Materials Science http://www.incites.com/research/2001/august_27_2001-2.html
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graduate degree program was approved by the New Mexico legislature in January 2007. The
original structure of the NSMS program involved an Executive Committee to provide oversight
for the program, which included the Vice President for Research, and the Deans of Graduate
Studies, Engineering and Arts and Sciences.
In the fall of 2007 NSMS began admitting students into the program. The students who had
joined the IGERT between 2005 and 2007 had a choice of changing majors, or continuing with
their original major. Only one student opted to change majors that year. For the rest of the
students in the IGERT, and for those students from other departments interested in the
educational program, we introduced a NSMS minor in 2008. This was the first Ph.D. level
transcripted minor in the School of Engineering at UNM. Other curricular innovations added
after the start of the NSMS program include a computational thrust including two courses, one a
Density Functional Theory (D.F.T.) course and the other more broadly on modeling of materials.
A new computer called NANO was installed with partial funding from the IGERT. The NSMS
program helped Susan Atlas with her MRI proposal to get another computer cluster, and most
recently the successor to NANO called GIBBS was installed in the computing center. The NSMS
team added a Dual Beam Quanta 3D FIB and FEG SEM and last year a suite of new XRD
instruments, all coming from NSF MRI grants. Finally, based on strong student interest, we
requested that Engineering be added to our degree program title because it was felt that the term
Microsystems did not fully capture the engineering aspects of our program. We intend to retain
the acronym NSMS but the degree should be called Nanoscience and Microsystems Engineering
effective Spring 2013.
From the outset, the NSMS graduate degree program has been a truly interdisciplinary venture. It
was formed as a degree-granting program that spanned ten different academic departments
spanning the College of Art and Sciences (Chemistry and Chemical Biology, Physics, Biology,
Earth & Planetary Sciences, Mathematics) and the School of Engineering (Chemical and Nuclear
Engineering, Electrical, Mechanical and Civil Engineering as well as Computer Science). No
other interdisciplinary program on campus has such a broad base. As the program evolved, it
also attracted students and faculty research mentors from the School of Medicine and the UNM
Health Sciences Center, and Pathology, Pharmacy and Biochemistry are now full partners in this
venture. As new centers were formed at UNM, they also became partners in this program, for
instance the Center for Emerging Energy Technologies (CEET) and the Center for Biomedical
Engineering (CBME). The NSMS also helped CBME as they created the graduate program in
Biomedical Engineering.
NSMS is dedicated to outreach efforts. Initially, outreach began as an extension of the NSMS
IGERT NSF grant. NSMS IGERT fellows made classroom visits. They maintained a table at the
New Mexico State Fair. Fellows also mentored and judged science fairs. Efforts peaked when
fellows taught a required short course in ethical conduct at the Albuquerque Institute for
Mathematics and Science (AIMS) a charter school on the UNM south campus. Shortly thereafter
NSMS evolved as a degree program. At this point NSMS IGERT and NSMS students joined
forces to bring about a larger number of outreach events. Students began to create more intricate
demonstrations. In 2009, NSMS student Patrick Johnson and NSMS IGERT fellow Adam Wise
held the first Science Night event at Bandelier Elementary School. This show was something of a
“Nanoscience Spectacular”. In all the years since, NSMS has held family science nights
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averaging 250 students and their families at Bandelier and Bellhaven Elementary Schools. In
2009 Heather Armstrong applied for and was awarded the first NISE Network Nano Day kits.
These kits focused outreach events through their inventive illustration of nanoscale phenomena.
It also marks the beginning of the annual NSMS Nanoday celebrations on the last weekend of
March. Nanodays is a requirement of the NISE Network Awardees. In 2010 NSMS paired with
the Spaciotemporal Modeling Center in bringing the Art of Systems Biology/Nanodays event at
the Art Complex in Santa Fe. The event included talks, art exhibition, and hand on science
demonstrations. This event has been repeated every year
since. The addition of NISE Network kits brought more
benefit to NSMS. In both October of 2010 and again in
October of 2011 Heather Armstrong was awarded a grant to
attend the Nanoscale Informal Science Education (NISE)
Network Annual Network meeting. This has changed
outreach for NSMS in a very meaningful way. At the first
conference Heather met with other NISE Network members
from New Mexico, most notably Melanie Laborwit from the
National Museum for Nuclear Science and History. Through
this partnership NSMS would participate in the NOVA promotion for their “Making Stuff”
series. We would also average one outreach event (attended by an average of 7 NSMS Ph.D.
students) a month. At the 2011 Annual NISE Network Meeting Heather attended a “Science
Pub” seminar. She came back to New Mexico convinced this would be a fantastic concept to
bring back to Albuquerque. By August of 2012 it was a reality. The first “Science on Tap” event
filled all seats and most standing room. Outreach has been and will continue to be an important
civic and community building effort.
In 2009, Kevin Malloy and Abhaya Datye teamed up with John Wood in Manufacturing
Engineering, Sul Kassisieh in the Anderson School of Management and Amy Wohlert, Dean of
Graduate Studies, to apply for the newly announced Science Masters program. We proposed a
Professional Science Masters (PSM) degree program within NSMS, which is offered as a Plan II
(non thesis) masters degree within NSMS. With the addition of the PSM program we expanded
the Executive committee to include the Dean of the Anderson School of Management. The PSM
program allowed us to create the first successful partnership that required students enrolled in
Science and Engineering majors to take courses offered by the Management school and to
participate in the Technology Business Plan competition on a regular basis. We feel the NSMS
PSM represents an important growth direction for us, and we also have a proposal to expand the
concept to a Ph.D. program, the so called ‘Innovation Academy’. We therefore seek the input of
the review team to determine whether UNM should invest in this program and expand it to
include other departments at UNM when the NSF funding ends in 2013.
Since we lack an undergraduate program, we do not have any teaching assistantships assigned to
NSMS. Hence there was a need to seek additional funding for student support. In 2009 Debi
Evans and Abhaya Datye applied to the Department of Education for the Graduate Assistance in
Areas of National Need (GAANN) fellowship program. The program was awarded in 2009 and
allowed us to provide TAs for NSMS core courses and to create a summer teacher program as
part of the outreach required of all GAANN fellows. We have received notification of an
awarded renewal of the GAANN fellowship program as of August 30, 2012. We seek input from
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the review team to learn about other possible graduate fellowships that we should consider, and
to learn about mechanisms used on other campuses for the support of graduate students in
department that do not have undergraduate degree programs.
This brief five-year history shows how the NSMS program is truly unique in the breadth of
interactions and collaborations created across departments and colleges at UNM. At present it is
the only program at UNM that includes partnerships with three schools (A&S, Engineering and
Medicine) with faculty that come from 13 academic departments (now including three
departments in the Health Sciences). The roster of affiliated faculty in the UNM catalog includes
over 70 faculty, but only those most actively involved in either mentoring students, teaching
courses or are involved in the management of this program are listed in this report. The program
is managed by a team of faculty (the management team) which oversees the curriculum,
qualifying exams and recruitment. With the revised operating structure developed over the past
year, the NSMS will now report to Deans of and Engineering and the rest of the former executive
committee (VPR, Dean of Graduate Studies and Dean of Management) will serve a more
advisory role. This is another area where we seek input from the review team, seeking to learn
how interdisciplinary programs are managed at other institutions and to seek recommendations
for our management structure. Finally, we note that the NSMS program was initiated with
funding intended mainly as a cost share to the IGERT grant. The IGERT grant officially ended
on August 31, 2012, so the program now needs regular funding from UNM. We plan to manage
the coming year using left over balances in our accounts, which arose since we managed to cover
our costs largely from grant funding. We are therefore at a critical juncture, since both the PSM
and NSMS program will not have any support beginning with July 2013 unless a budget line is
approved. We have had many discussions with the Deans of A&S and Engineering and everyone
agrees on the need to fund NSMS, but we do not have any funds allocated so far. This is another
area we seek input from the review team: What should be a reasonable level of funding to
sustain a graduate interdisciplinary program like ours?
c. Program Mission
Our general educational goals for the NSMS program are as follows:
- To prepare diverse, well-rounded, and globally minded graduates with comprehensive
understanding of multiple scientific disciplines, who can harness unique nanoscale
phenomena to create macroscopic functionality.
- Students will have both a strong core knowledge base and the diverse skill set needed to
lead the rapidly evolving nanoscale technologies at the interface of traditional disciplines.
- To provide a high level of mentorship and advisement to enable students to graduate in a
timely fashion, with a goal of completing their Ph.D. within four years of entering the
program. To achieve this goal, a project management approach is used to guide students
through various milestones, and involves regular academic advisement by the NSMS
office and faculty program directors.
- To provide an outstanding graduate education built on the foundations of understanding
of physical and chemical phenomena at the nanoscale, and of methods to control and
manipulate these materials to make novel structures and devices.
- To develop students who have creative, critical problem-solving skills stemming from
team based, multidisciplinary learning allowing them to identify, understand and exploit
new phenomena and to transform the knowledge into products and technologies that are
useful to society.
9
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To instill in our students ethical principles to guide their research and to develop an
interest in sharing their knowledge and interests in their communities through outreach
efforts.
To establish strong recruitment efforts to enhance the number of women and
underrepresented minorities.

d. Contributions to UNM mission
The mission of the University of New Mexico is to serve as New Mexico’s flagship institution of
higher learning through demonstrated and growing excellence in teaching, research, patient care,
and community service. In UNM’s mission statement “UNM’s ongoing commitment to these
cornerstones of purpose serves to educate and encourage students to develop the values, habits of
mind, knowledge, and skills that they need to be enlightened citizens, contribute to the state and
national economies, and lead satisfying lives, to discover and disseminate new knowledge and
creative endeavors that will enhance the overall well being of society and to actively support
social, cultural, and economic development in our communities to enhance the quality of life for
all New Mexicans.” One of the stated UNM Academic goals is to establish an integrated system
of services to prepare, recruit, enroll, develop, retain, and graduate both undergraduate and
graduate students at the University of New Mexico, with special focus on the recruitment of
high-achieving students. (http://presidentialsearch.unm.edu/strategicframework.pdf)
The NSMS program fulfills many of the mission objectives and goals of the UNM
administration. The NSMS program has served to create a highly collaborative environment
across campus that continues to attract outstanding students and faculty. These students and
faculty, through research, publications, externally funded programs and patents have contributed
to the research profile of the university. The NSMS program has an extremely strong track
record of outreach and educational efforts aimed at the New Mexican community.
UNM is in an almost perfect position for the continued success of the NSMS program. The
interdisciplinary NSMS graduate degree has been in existence for five years. The program has
continued to prosper and attract students with a current total enrollment of 61 graduate students.
Many of the original administrative and bureaucratic barriers to success have been resolved. The
NSMS program continues to lead the way at UNM to break down barriers between colleges and
forge collaborations to enhance the research experience at UNM for both students and faculty.
The contribution made by the NSMS program, as an interdisciplinary program, to enhance and
expand the UNM mission can be evaluated using a variety of metrics. NSMS has been extremely
successful in many of these areas:
1. Fellowships and Graduate Assistantships: The NSMS program has been awarded a
number of large training grants that have been used to recruit and support excellent
students, both in the NSMS graduate program, and in programs of affiliated departments.
2. Growth in Enrollment and excellence in retention: The NSMS program has grown
rapidly over the last five years. The number of external students from all over the country
has increased. The NSMS program continues to have high participation by under
represented groups in science and engineering: our student population is 30% Female,
and 27% ethnic minority. The retention rates in the degree programs are also high. No
Ph.D. students have dropped out of the NSMS program without a degree.

10

Nanoscience and Microsystems - Academic Program Review 2012

3. New faculty associated with NSMS: NSMS continues to attract new faculty from all
Departments to mentor graduate students, and serve as mentors and advisors on
dissertation committees. Their participation creates a vibrant and evolving research
environment. In addition, NSMS has helped attract and hire at least 6 new faculty
4. Educational Innovation: The NSMS program continues to evolve as a program. It was
the first program to offer a transcripted minor in the Ph.D. and it is the first program at
UNM to offer a professional science masters (PSM) degree.
5. Research Impact and Funding: Affiliated faculty with the NSMS program bring in over
$77,012,312 million in externally funded grants. The publication track-record of this
faculty is excellent, with a total number of 3163 publications with an aggregate h-index
of 92.
6. Student Honors and Participation: The NSMS Graduate Student Association is
actively involved at all levels of the program. The NSMS students want to take an active
and leadership role in the program. Many of our students have received highly
competitive graduate and post graduate fellowships and awards at national. Our NSMS
graduate students have been authors on 78 research papers in peer –reviewed journals
over the last 4 years.
7. Curriculum Innovations: NSMS 595 taught in the Fall and Spring provides added value
to UNM offering “soft skills” training in writing and technical presentations to all
graduate students at UNM. In the Fall, NSMS provides guided training for students to
apply for the NSF Graduate Research Fellowship program. This class has been quite
successful at increasing the number of NSMS Doctoral Fellows at UNM: 6 UNM
students registered for NSMS 595 have been awarded the NSF GRFP in the last 3 years.
8. Global UNM Outreach Efforts: NSMS has involved other departments and programs in
their very successful outreach efforts. In 2011, NSMS had 3 outreach events a month.
These outreach events have grown to include students from Chemical and Nuclear
Engineering, Chemistry, Biomedical Engineering, Spatiotemporal Modeling Center,
Pathology, Center for High Technology Materials, Civil Engineering, and Electrical and
Computer Engineering. NSMS is currently leading the establishment of the “Science on
Tap” seminar series. It was conceived when Heather Armstrong attended a NISE
Network Conference in 2011. “Science on Tap” is a seminar series modeled after similar
successful series in other metropolitan cities around the country. The NSMS program
markets this activity as a global UNM graduate effort in an effort to build team spirit and
camaraderie.
9. Impact on Undergraduate Education: While the NSMS program is a graduate degree
program, it has a significant impact on undergraduate education at UNM. A number of
nanoscience and microsystems classes have been created at the undergraduate level as a
result of the NSMS program. The NSMS REU program has hosted 36 undergraduate
students over the last three years to perform research internships in the summer in the
laboratories of NSMS faculty. NSMS has also helped in the Nanoscale Undergraduate
Education (NUE) program led by Prof. Zayd Leseman.
10. Research Instrumentation and Facilities: The NSMS program has contributed to
several campus-wide research instrumentation projects, and has been instrumental in
improving and updating computational and materials characterization equipment used by
UNM faculty and students.
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e. Governance and Administration

i. UNM Administration
The University of New Mexico is governed by a Board of Regents which is responsible for the
governance of the University of New Mexico. The Board’s power to govern the University
includes fiduciary responsibility for the assets and programs of the University, establishment of
goals and policies to guide the University and oversight of the functioning of the University. The
Board is comprised of members who are appointed by the Governor of New Mexico, with the
consent of the Senate, for staggered terms of six years except for the student regent who is
appointed for a two-year term. The Governor and the Secretary of Education are designated as
ex-officio, non-voting members, and the Presidents of the Faculty Senate, Staff Council,
Associated Students of UNM, Graduate and Professional Student Association, Alumni
Association, and UNM Foundation are non-voting advisors. The President of the University is
appointed by the Regents and is directly responsible to them. As chief executive officer of the
institution, the President directs the administration in carrying out University Policy, and he has
the authority to assign and reassign administrative duties. Robert G. Frank was installed as
UNM’s 21st President in June 2012 (http://president.unm.edu/).
The six major divisions of the University are headed, respectively, by the Provost/Executive
Vice President for Academic Affairs; the Executive Vice President for Administration; the Vice
President for Student Affairs; the Vice President for Institutional Advancement; the Vice
President for Research; and the Chancellor for the Health Sciences. The Provost/Executive Vice
President for Academic Affairs is Chaouki Abdallah and Michael Dougher is the Deputy Provost
for Academic Affairs. The current interim Vice President for Research is John T. McGraw.
(http://research.unm.edu/).
The Office of Graduate Studies (OGS) is responsible for implementing the policies and
procedures governing graduate education at UNM (http://ogs.unm.edu/). OGS maintains
graduate students’ academic records, processes graduate assistantships, approves students’
Programs of Studies, and provides final review and approval of students’ academic performance
prior to graduation. In addition, OGS provides review and the first line of approval of
departmental curriculum changes for NSMS. OGS does not contain any degree granting
programs at present. The Dean of OGS is Gary Harrison.
ii. NSMS Program Administration
The NSMS program is administered jointly by Prof. Abhaya Datye and Prof. Debi Evans with
the active involvement of Prof. Kevin Malloy. Heather Armstrong is the program manager.
Nanoscience and Microsystems shares office space within the Center for Microengineered
Materials, with the office suite located in Farris Engineering on the same floor as Chemical &
Nuclear Engineering.

12

Nanoscience and Microsystems - Academic Program Review 2012

Provost
Dean A & S

Dean OGS

Dean SOE

Executive Committee
NSMS
Management
Team

Administrative
Team
Deborah Evans,
Assoc. Director

Abhaya
Datye,
Director
Heather
Armstrong

PSM

IGERT/GA
ANN/CNTC

Kevin
Malloy,
Director
PSM

Sanjay Krishna, Steve
Brueck, Tariq Khraishi,
Susan Atlas, Martin Kirk,
Diane Lidke, Janet Oliver,
Sang Han, Plamen
Atanassov + Adminstrative
team

REU

By sharing office space with the Center for Micro-Engineered Materials (CMEM), of which
Prof. Abhaya Datye is the Director, we can also share some of common facilities such as Fax and
Xerox machine. When needed, NSMS uses the conference rooms maintained by CMEM, ChNE,
and CS all located within the Farris Engineering Building.
The NSMS program originally reported to an executive committee that included four Deans
(Graduate Studies, Engineering, Arts and Sciences and Management) and the VP for Research. It
was recognized that one Dean had to provide the line management, ie signing off paperwork, etc.
and for these administrative functions we worked with the Dean of Graduate studies Gary
Harrison. Last year the Provost Office appointed a committee to look into the management of
interdisciplinary programs, and one outcome was the two Dean model, whereby we now report
to the Deans of A&S and Engineering. The overall administrative structure is shown in the
attached figure.
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Professor Abhaya Datye was appointed as the Director of the NSMS program at the inception of
this program by Provost Brian Foster. In 2009 Prof. Deborah Evans was appointed Associate
Director to recognize the broader involvement of students and faculty from A&S. This leadership
team is also consistent with our model where each NSMS class is, where possible, taught by an
interdisciplinary team of faculty. Abhaya Datye is a Distinguished Regents Professor of
Chemical and Nuclear Engineering in the School of Engineering, and Deborah Evans is an
Associate Professor in the Chemistry and Chemical Biology Department in the College of Arts
and Sciences. Abhaya Datye and Deborah Evans receive Special Administrative Compensation
(SAC) from the School of Engineering and the College of Arts and Science to serve as the
Director and Associate Director of the NSMS program, but no explicit course release from
teaching has been provided. Kevin Malloy is a Professor in the Department of Physics, the
Associate Dean in the College of A&S and the Director of the Professional Science Master’s
program and is involved in the administration of the NSMS program. Heather Armstrong is the
program specialist for the program and has managed all accounting for the IGERT and GAANN
grants as well as student advisement. Due to increased enrollments and workload, since the
beginning of 2012 we have had Maureen Reynolds, accountant in CMEM, take over
management of the accounts. Heather Armstrong also manages the Outreach program which is a
significant effort as will be evident from the description of the activities described later in this
narrative.
All of the members of the administrative team been involved with the NSMS program since its
nascent stages, when the NSMS IGERT proposal was first formulated. This administrative team
is responsible for day-to-day operations of the program including advising students, curriculum
issues, administering training grants, funding students, recruitment and admissions and outreach.
The academic aspects of the program (curriculum design and revisions, qualifying exams, etc.)
are managed with a larger management team that includes faculty from across campus. The
Science Masters program is led by Kevin Malloy as the Director and Sul Kassisieh as the Assoc.
Director. Prof. Kassisieh is Regents Professor in the Anderson School of Management and he
actively participates in the management of the Science Masters program and with teaching and
advising students for the business plan competition. The Cancer Nanotechnology Training
Center is managed by Janet Oliver who is Regents Professor of Pathology and a member of the
UNM Cancer Center. Abhaya Datye is CO-PI on the CNTC grant. The NSMS also runs a REU
site program, which is managed by CMEM. Debi Evans and Abhaya Datye are co-PIs of the
REU site program which is supported by DMR.
f. Budget
i. Program Expenditures
Our current budget is based on a memorandum of understanding (Appendix I), which was part of
the proposal to establish the NSMS degree program. This budget was a small modification on the
original matching support for the IGERT with funding coming from the Deans of A&S and SOE.
This is the current budget, the rest of the funds come from the various training grants.
The total expenditure represents the funds spent by the NSMS degree program, the NSMS
IGERT fellowship, the NSMS GAANN fellowship, the NSMS PSM fellowship, and the CNTC
fellowship.
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Year
# of Student
Fellowships
# of Students
who are NSMS
Average cost
per fellowship

2007-2008

2008-2009

2009-2010

2010-2011*

2012-to date

8

14

16

38

35

1

6

6

24

27

$32,586.59

$33,441.64

$30,004.73

$19,102.54

$11,835.20

Student expense
$260,692.69
$468,183.00
$480,075.73
Faculty/staff
$118,097.68
$150,253.31
$122,548.91
expense
Other office
$58,780.44
$22,595.27
$43,015.48
expenses
* Addition of PSM MS fellowship stipend (15K) reduces average cost.

$725,896.35

$414,231.93

$139,569.22

$393,652.11

$11,874.06

$25,423.87

Other revenue
NSMS was awarded two UNM Excellence Fellowships by the School of Arts and Sciences.
NSMS receives incidental support from the Center for Micro Engineered Materials (CMEM) in
the form of office space, office furniture, and phone line. CMEM also provides minimal office
supplies and administrative and accounting aid.
ii. Proposed NSMS budget
The proposed NSMS budget needed to maintain this program is summarized below. This budget
was submitted to the Deans and the Office of the Provost during the previous academic year, but
no allocations have yet been made. We will continue to operate during the 2012-2013 year using
carry forward balances and F&A return. There is no budget in place to continue the NSMS
program beyond July of 2013.
Description

Basis

Estimated
(each year)

Cost Allocation
2012 - 2013

for

0.5 FTE Director
0.5 FTE Assoc Director
Heather Armstrong
Bill Collins
Graduate Assistants

Sac + 0.5 months of summer

TBD

None

Program Manager, 1.0 FTE
Senior Web Designer, 0.125 FTE
6 GA/TA positions are requested, we
have been granted 2 positions this
coming year.

TBD
TBD
TBD

Operating costs

Office
expenses:
Recruiting,
Seminars, Retreat, Advisory Board
Meeting, Travel

$25K

None
None
2
Excellence
Fellowships
from
Office of Graduate
Studies
We will use leftover
F&A return till the
balance is depleted

Budget Justification
Faculty Administration/Management
0.5 FTE Chair NSMS, Abhaya Datye, Professor, Chemical & Nuclear Engineering
0.5 FTE Assoc Chair NSMS, Deborah Evans, Associate Professor, Chemistry
Since faculty salaries come directly through the departments, we are interpreting the 0.5 FTE to
mean a 50% reduction in teaching loads for these faculty members to allow them to devote time
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towards the administration and management of this program. The NSMS faculty involved in
program administration should also receive a sac and 0.5 month of summer support. The specific
teaching load and the extra compensation should be negotiated for each participating faculty
member, but long term sustainability of a graduate program such as the NSMS requires a general
agreement about the expectations of faculty who are doing the additional work to manage these
programs.
We are also making the assumption that all teaching in the NSMS program is included in the
normal duties of participating faculty members, hence no special funding or buyout is requested.
Our premise is that each course is being taught because it is of interest to the faculty member and
it also serves as a technical elective within the department of the faculty member teaching the
class. Hence each NSMS class is cross-listed with the department of each faculty member
teaching a NSMS class.
Office Administration
Heather Armstrong, Program Manager, 1.0 FTE - Run program office including outreach
Bill Collins, Senior Web designer, 0.125 FTE, will handle the web site management
Graduate Assistantships
The NSMS program would like to receive an allocation of 6 new GA/TA lines to provide one
year support to incoming students.
Recruitment and retention within the program is high. One of the barriers to attracting the best
and most qualified students into the program is supporting students who enter into the program
in their first year. Although the NSMS program has supported virtually all of its students to date
through the award of highly competitive external and federal programs, several of these
fellowship programs have ended this year, or will end within the next year. Teaching and
graduate assistantships would enable the NSMS program to offer incoming students support
while they are taking classes, and before they can be supported on graduate research fellowships.
Office expenses/Travel/ Recruitment/Advisory Board/Retreat/Seminars
Our operating budget includes the cost of student recruitment, one trip per year for attending a
national meeting related to the Nanoscience education and outreach activities, funds to support
travel costs for external advisory board members, an annual retreat and seminars and graduate
student activities such as the Nano Café, annual research day, seminar speakers and other
educational activities, such as short courses and workshops organized for the NSMS graduate
students. Estimated cost $25 K per year.

2. Purpose of Academic Program Review
Academic Program Review (APR) provides an opportunity for all academic programs at the
University of New Mexico to examine their achievements and goals. In addition to preparing a
self-study, programs invite distinguished colleagues to review the program and confer about how
it can best move forward. This APR provides an opportunity to evaluate the quality of the NSMS
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program and its impact on education and research. The APR will also evaluate how NSMS
serves other parts of the university (other academic departments, interdisciplinary programs,
centers, service units, etc.), the discipline, the community, and the state. The outcomes of the
APR will influence the future direction of this program, from restructuring the curriculum, to
determining the optimal place for an interdisciplinary program within the university structure to
ensure its continued success attracting and graduating students in this field.
This is the first academic program review for the NSMS program, which has just completed 5
years since its inception. The federally funded NSF/IGERT training grant that has helped support
the program has ended. At this stage, institutional support from UNM is minimal: the program
does not have a recurring instructional and general (I&G) budget. There has been no firm
commitment of support from the UNM administration, no formal allocation of administrative
space and inadequate support (release time, etc.) for the faculty involved in the day-to-day
operations of the program. Another issue is that faculty who teach NSMS core classes are
therefore teaching outside their home departments. While there was no formal support for this,
the recently adopted teaching policy for the School of Engineering affirms that every faculty
member should be allowed to teach interdisciplinary classes at least once every two years. This is
a very welcome development and we hope that it can apply to all faculty involved in this
program. The Academic Program Review (APR) comes at a critical time for the NSMS program.
We hope this APR will provide U.S. the opportunity to learn from the review team how other
universities have tackled and solved similar issues. The Provost at UNM has appointed a task
force to examine how other institutions support their interdisciplinary programs; hence the APR
review team has a unique opportunity to provide this input to the UNM administration via this
review.
It is clear that the NSMS program cannot continue without a firm institutional commitment from
UNM. The NSMS program does not have an I&G budget due to the fact that it is a program, not
a Department, and it is not administered under one academic Dean. In addition, it has to date
been very successful at obtaining federally funded training grants that have helped support the
program at all levels. The NSMS program currently has 4 MS, 7 PSM, and 50 Ph.D. students
enrolled in the program. Without a commitment of recurring funding for the degree program,
these students will have no guarantee that they will be able to graduate from the program.
a. Issues and Concerns
NSMS is a joint program between the School of Arts and Sciences and the School of
Engineering with extensive ties to the School of Management and the School of Medicine. The
NSMS program does not have any faculty lines, so all faculty come from the participating
departments. At present the output from the NSMS program (students graduated, credit hours,
student awards) does not get counted within either SOE or A&S. When the NSMS program was
proposed, it was recognized that a certain amount of double counting would be needed. For
example, since NSMS degrees are not reported to the ASEE or to the U.S. News and World
Report, we are undercounting the performance of each of these colleges. With small departments
such as ChNE, when a significant numbers of students advised reside in the NSMS program, it
could lead to serious deficiencies in reporting the productivity and performance of the individual
departments and colleges. Efforts are underway to fix this problem, but if done at the
institutional level, the actual numbers reported to the outside world would be fair and auditable
and not based on specific counting schemes. We feel that setting up a transparent counting
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method will allow the participating departments and colleges to get full credit for the role played
by their faculty in this interdisciplinary program. This will help address the concern that some
departments see the NSMS as a threat rather than an asset. Discussions with Department chairs
and regular communication may also help alleviate this concern. We hope that meetings with
Department. Chairs may allow the APR to assess the extent of the problem and suggest possible
solutions. We would like to add that the School of Engineering adds NSMS graduates in their
annual convocation lists and NSMS students get to participate in the School of Engineering
convocation where they can be hooded by the faculty who advised them. Since the A&S does not
hold one major convocation, this is not an issue, and we would like to encourage other
departments in A&S when they hold their convocation to also include students that were advised
by their faculty, but got degrees in the NSMS program.
High Priority Issues
As the only interdisciplinary program on campus that spans multiple departments across four
different colleges, the NSMS program needs to find a place in the UNM administrative and
academic structure that ensures sustainability of the program. This includes securing financial
support in the form of a recurring budget.
Near Term Tasks
• Incorporate “Engineering” into the title of the Program to become the “Nanoscience and
Microsystems Engineering” graduate program, a Form C has been submitted.
• Improve our web presence to be able to attract high quality graduate students.
• Increase the number of faculty participating in teaching NSMS core and elective classes
so we have a backup as faculty go on sabbatical.
• Enhance the interaction with the participating departments in the School of Engineering
and Arts and Sciences to coordinate graduate recruiting and outreach activities.
• Design a proper course sequence for students with broad interests in the Nano-Bio
research thrust, such as for example those in the Cancer Nanotechnology Training Center
and other initiatives with the health sciences center.
Longer Term Tasks
• Work with other units across campus to extend the scope of the NSMS PSM
(Professional Science Masters) program
• Work with the UNM Administration to secure a physical space exclusively for the NSMS
administrative offices for student advisement and to provide a better cohort experience.
• Obtain teaching and/or graduate fellowships to attract and support excellent incoming
graduate students.
• Increase the educational and research profile of the program nationally.
• Participate in the hiring of new faculty in affiliated departments and include them in the
collective activities of the NSMS program.
b. Questions to the Committee
The NSMS program has identified specific issues and questions that are being posed to the
review team. Each question is annotated with a brief explanation, further details will be found in
the relevant sections of this document.
(1) Budgetary Issues
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How are interdisciplinary programs at your institutions supported? What is a reasonable level of
support for a graduate program that enrolls over 60 graduate students? What other sources of
funding (external and internal) should we target?
The NSMS program currently has a graduate student enrollment that that is comparable in size to
some departments in science and engineering. What level of institutional support is needed in
terms of administrative staff, office space, day-to-day operations and student support (teaching
and graduate assistantships, e.g.) to ensure that the program will continue to prosper and achieve
the goals set forth in this report. Unlike graduate students in many of the science and engineering
departments, students in the NSMS program do not have access to teaching assistantships in their
first year. Support of incoming students is key to attracting the most qualified graduate students
to the program. Most federal training grants are intended to be seed grants that require
institutional support after the grant has ended.
(2) Governance & Administration
What are effective models for the management of interdisciplinary programs? What are the
advantages/disadvantages of centralized management models, e.g. under the Office of the
Provost vs. collaborative models distributed across the Deans of two or more colleges? What
are the budgetary consequences of adopting one model over the other?
The NSMS program is the only program on campus that spans many different departments over
the College of Arts and Sciences and the School of Engineering, with involvement from both the
School of Medicine and the Anderson School of Management. As a result, NSMS is not the
primary concern (financial and academic) of any one of these Colleges. If NSMS is to be
sustained and to prosper, a proper administrative structure needs to be established. The reporting
structure for the NSMS program has evolved. Originally we reported to an executive committee
consisting of 5 members – Deans of Engineering, Arts and Sciences, Graduate studies and
Business and the VP for Research (because the program originated from a research grant and
represents integration of research and education). Our current Dean of Engineering prefers a two
Dean model, so we now have a reporting structure consisting of the Deans of Engineering and
Arts and Sciences, with others in a more advisory role. The PSM program will likely involve
also the Dean of the Management school. What is missing in this picture is the connection to
funding. The program cannot be funded by one Dean, and thus far the matching support came
from A&S and Engineering. Is this the best way to move forward? Or should the program be
under one roof, such as the Dean of Graduate studies and a budget line created for this program?
The problem is that in a performance based budgeting system neither Dean gets credit for the
credit hours or students graduated, since the NSMS is a degree that exists on its own, i.e. it is
neither in Engineering or in A&S. And finally, how can NSMS play a role in the hiring plans and
hiring process to attract young faculty into departments that will ensure the long term
sustainability of the program?
(3) Faculty Issues
What steps need to be taken to ensure the continued participating of faculty in the NSMS
program? What mechanisms can be put in place to allow faculty to get credit for teaching in the
NSMS. Can the management structure also provide growth opportunities? How, for example,
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can the NSMS program be included in the process of hiring tenure track faculty in the
participating departments?
The NSMS program was developed on the premise that the core courses are ones that faculty
have taught or wanted to teach as electives. Hence, while teaching what interests them, they can
also teach a NSMS core course. The NSMS class is cross listed with the primary department
where the instructors come from, so students taking it as an elective sign up for that section.
During the program planning, the Deans of A&S and Engineering agreed that this should not
result in an overload for the faculty member. In practice some department chairs took the
position that teaching such a class pulls away a faculty member from the core mission of the
department, and there have been cases when a course had to be dropped for this reason. We are
now in a situation where the SOE policy on teaching specifically allows faculty to teach one
interdisciplinary course outside their department every other year. In principle, such a policy will
provide adequate opportunity to develop and sustain an interdisciplinary program that involves
faculty whose interests lie in the program. However, it assumes that chairs will go along and
allow faculty to teach such interdisciplinary courses. We have to overcome the perception that
these classes outside the department won’t count towards the workload, or towards tenure and
promotion. Given the number of graduate students in the program, what mechanisms can be put
into place to ensure that an interdisciplinary program such as NSMS can participate in faculty
hiring?
(4) Curriculum Issues
Is the current core curriculum appropriate? Should we have a flexible core to accommodate the
breadth of student from the physical and biological science while preserving the essential
features of the NSMS?
How appropriate is the core curriculum for the NSMS graduate student population? Is the
material covered adequate, or should some of the topics covered be altered? Should there be a
“soft core” with a choice of three out of five core courses? In the last few years, the number of
students in the NSMS interested in nano/biosystems has increased. How should the curriculum
accommodate this? Should new areas of concentration (such as energy) be added? What is the
value of the concept of a concentration, or are there more effective approaches?
(5) Future Directions
How should the NSMS program build on the success of the Professional Science Master
Program? What can the NSMS program do to incorporate the vision of the innovation Academy
to fundamentally transform graduate education?
In 2009 we received a grant from the NSF through the Science Masters program. This was a
three-year grant funded through ARRA funds, hence there is no possible renewal of the program.
Over the past two years we have graduated over 20 master’s students. This number exceeds the
average for many departments in SOE and A&S. We have a slightly smaller entering class for
next year since we did not actively recruit. There is clearly a desire for students in science and
engineering to explore opportunities to broaden their education. The Science Masters is a 32
credit plan II (non-thesis masters). Students do an internship during the summer and they take a
total of four courses in the business school in lieu of technical electives they would typically take
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in a concentration. Many students have completed the program in one year, and only 50% of
these received the NSF stipend, which was only $15K per year, compared to $30K per year for
IGERT fellows. The program will end in 2013 unless the UNM administration decides to support
it. Last year, we wrote a proposal for a new IGERT entitled the ‘Innovation Academy.’ While it
did not get support from NSF, in part because the reviewers felt we were already doing most of
what we proposed, so new NSF funding was not needed. This was true in part, since our
experience with the Science Master’s gave U.S. the opportunity to test some of these concepts.
However, the ‘Innovation Academy’ was meant as a rethinking of the Ph.D. to include
innovation in the formulation of research projects from the ground up, not as an afterthought.
The Innovation Academy Project Summary is located at Appendix Q. Our question to the APR
team is whether the one year Masters should be continued as a UNM wide effort to include other
departments and not just NSMS, and whether the concepts of innovation should be introduced to
Ph.D. students, and at what stage.
3. NSMS Academic Program
The M.S. and Ph.D. degree programs in NSMS prepare individuals for careers in the emerging
fields in Nanotechnology and Microsystems. The program includes three Ph.D. Concentrations:
Nano-Bio Interfaces, Complex Functional Materials, and Information Nanotechnology. It also
includes the Professional Science Masters Concentration. The program is a collaborative effort
among several departments in the College of Arts and Sciences and the School of Engineering,
as well as the Anderson School of Management, with numerous cross-listed and team-taught
courses. The participating departments are: Biology, Biochemistry, Civil Engineering, Chemical
and Nuclear Engineering, Chemistry, Computer Science, Earth and Planetary Science, Electrical
and Computer Engineering, Mathematics and Statistics, Mechanical Engineering, and Physics
and Astronomy. Students who choose the NSMS degree program can continue to be advised by,
supported by and conduct research with faculty in these departments. There are numerous
courses in these departments that may be of interest as electives–some of which are listed below–
for students in the NSMS program. Faculty in the Health Science Center and the UNM Cancer
Research center also participate in the NSMS.
The Professional Science Masters Concentration in Nanoscience and Microsystems emphasizes
the innovation and entrepreneurial skills necessary to bring discoveries in nanoscience to the
marketplace. Candidates for this degree learn the fundamentals of nanoscience, receive hands-on
training in microsystems and are introduced to entrepreneurship, innovation and project
management. The degree may be completed within one year. This curriculum has been
developed in concert with industry and is designed to address present and future professional
career needs. Professional Science Masters Concentration students will complete 32 credit hours
including stipulated required courses.
NSMS Master’s Degree (M.S.) Requirements
M.S. faculty advisor/mentor
Students are responsible for selecting a faculty mentor who will help them establish a Committee
on Studies. The program office will aid students in their selection process. Ideally, students and
faculty members will agree about the advising/mentoring relationship but for those who need
assistance, the Director will request that the Admissions Subcommittee assist in this process.
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M.S. committee on studies
The student and faculty mentor invite three faculty members to serve on the student’s Committee
on Studies. The committee members help the student to plan a Program of Studies–a list of
courses that meets the student’s interests and needs which will be counted toward the degree.
This plan must be approved by the student’s advisor and the NSMS Program Director prior to
being submitted to the OGS. The Committee also supervises the student’s progress and conducts
the required thesis or other exams. If the student subsequently qualifies for entering the doctoral
program, this committee can continue in the role of Doctoral Studies and Dissertation Committee
to assist the student in completing the Ph.D.
M.S. general degree completion requirements
The maximum time-to-degree for Master’s students is 7 years, during which time the student
must be enrolled full time for at least three consecutive semesters. A student must take 9 credit
hours to be a considered a full time student by financial aid. If the student has an assistantship,
full time is considered to be 6 credit hours per semester. In order to complete the M.S., students
must maintain a minimum cumulative grade point average of 3.0 in graduate-level courses taken
in graduate status and a GPA of at least 3.0 for courses listed in the Program of Studies. Students
cannot graduate with incompletes pending nor while on probation.

Three M.S. plans: degree completion requirements
There are three options to receive a M.S. in NSMS.
Plan I (Thesis Option)
The student must complete all core course requirements.
Student must complete a total of 24 credit hours.
Student must complete 6 thesis hours.
Plan II (Standard Plan II)
Students must complete all core course requirements.
Student must complete 32 credit hours.
Professional Science Masters (PSM) Curriculum
Students must complete all core course requirements and other stipulated courses.
Students must complete 32 credit hours.
All students must pass a master’s examination and/or thesis defense.
Students planning on continuing to pursue a Ph.D. are encouraged to follow Plan 1 (Thesis
Option). These are the minimal requirements. In most cases the actual course load completed by
a student are likely to be more than the minimum requirement, as dictated by their educational
needs and committee on studies.
NSMS Ph.D. degree requirements
Ph.D. faculty advisor/mentor
Newly admitted doctoral students must also go through the process of selecting an
advisor/mentor. They will then request the Graduate Subcommittee that the Qualifying Exam be
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scheduled sometime during or immediately after they have completed all of the core courses.
The program office will aid students as needed in their selection process.
NSMS qualifying examination procedure
General requirements for the Ph.D. degree are set by the Office of Graduate Studies and are
stated in other pages of this Catalog. Required NSMS core courses are described below. Students
who wish to Advance to Candidacy in NSMS must pass a program qualifying examination. This
examination covers the four core subject areas listed in this section, and should be taken as soon
as possible after entering the program. The qualifying exam is in two parts:
1. Written Examination: Mastery of the core Nanoscience and Microsystems subjects will
be demonstrated by the cumulative grades in the Core NSMS classes. The written exam
is not required if the student has obtained a grade of A- or better in 3 of the 4 core courses
(excluding ethics).
2. Oral Examination: The Ph.D. qualifying exam will consist of an independent, critical
analysis of a research article by the student and the preparation of a research proposal.
The student will deliver a 30-minute presentation to critique the research paper and
present the research proposal. The student will be allowed two attempts for each exam.
The NSMS qualifying exam direction, rubric, and scoring criteria is available as Appendix C.
Ph.D. committee on doctoral studies
The student and faculty mentor invite three faculty members to serve on the student’s
Dissertation Committee on Studies. The committee members help the student to plan a program
of studies that is reflected on the student’s Petition for Candidacy form. These courses meet the
student’s interests and needs which will be counted toward the degree. The Petition for
Candidacy must be approved by the student’s advisor and the NSMS Program Director prior to
being submitted to the OGS. The Dissertation Committee also supervises the student’s progress
and conducts the required exams.
Ph.D. Candidacy Requirements
To advance to candidacy students must:
1. Satisfactorily complete all NSMS course requirements.
2. Pass a qualifying exam.
3. Pass a comprehensive exam
4. File all required paperwork by required time deadlines.
Ph.D. General Degree Completion Requirements
The NSMS Ph.D. requires that students complete 48 credit hours of courses plus 18 credit hours
of dissertation research credit (699). Overall, the basic requirements for Ph.D. candidates include
four core courses and an ethics course, plus four courses in a concentration or in an area of focus,
as recommended by the student's dissertation committee. Additional details are available in the
Graduate Program section of the UNM Course Catalog under the heading Doctoral Degree
General Requirements. These are minimum requirements. The actual number of thesis or
dissertation credits will in most cases be larger. Ph.D. candidates have a maximum of five years
from the semester in which they pass the doctoral comprehensive examination to complete all of
the degree requirements.
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Ph.D. Minor in Nanoscience and Microsystems
Students who satisfactorily complete 3 of the 4 NSMS core courses required by the NSMS Ph.D.
program (NSMS 510, 512, 518, 519) will be awarded a transcripted minor at the Ph.D. level.
Curriculum for Students in the NSMS M.S. & Ph.D. Degree Programs
NSMS Courses
The NSMS syllabi are included as Appendix D.
NSMS 510, Chemistry and Physics at the Nanoscale, 3cr
NSMS 512, Characterization Methods for Nanostructures, 3cr
NSMS 518, Synthesis of Nanostructures, 3cr
NSMS 519, MEMS Transducer Devices and Technology, 4 cr
NSMS 550, Social and Ethical Implications of Nanotechnology, 1 cr & 3 cr options.
NSMS PSM Courses
NSMS PSM courses include current NSMS core requirements with the single exception of
NSMS 518, which is not required. Students also take the following courses;
MGT 514, Technology Entrepreneurship
MGT 513, Assessment & Forecasting
MGT 516, Entrepreneurial Finance
NSMS 595, ST: Entrepreneurial Engineering
NSMS 595, ST: PSM Seminar
NSMS 650: Research
NSMS 595: ST: PSM Internship
NSMS related classes listed in the UNM Catalog
Group 1: Suggested nano-bio courses
Group 2: Suggested complex functional materials courses
Group 3: Suggested information nanotechnology courses
Group 4: Professional Science Masters courses
Professional development
Professional development involves seminars and short courses to enhance career development
skills – such as public speaking, developing a research proposal, critical analysis of the literature,
and project planning. All students participate in outreach activities. Students take an active role
in designing an outreach program for the coming year. The activities are done by a group of
students along with at least one faculty member. Students are exposed to research in multiple
departments since each student is encouraged to do at least one laboratory rotation outside their
primary research area. These rotations involve having the student spend a significant amount of
time (generally one semester) in a different research group, participating in all group activities,
and working on a well defined research problem that could potentially lead to a publication.
After these rotations, when students formulate their research plan, we encourage them to take the
lead in choosing their co-advisor. The student is then advised by the interdisciplinary faculty
mentor team. We also encourage all NSMS students to take part in an internship, typically in the
third or fourth year of their Ph.D. The purpose of the internship is to provide an opportunity for
the student to spend a significant amount of time in a laboratory outside their home institution.
NSMS has maintained two seminar series. The first “Nano Café” for students to increase their
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ability to communicate science to an audience from varied backgrounds (see seminar
announcements in Appendix G ). To increase ability and provide students constructive feedback
from their talks we created a public speaking rubric (Appendix H). The second seminar series
embraces the interdisciplinary nature of the NSMS degree program. NSMS chosen speakers
would be included in other department seminar series (see seminar announcements in Appendix
G.)
Admissions
NSMS M.S. admission prerequisites
The general admission requirements described in the Graduate Program in this Catalog apply to
the NSMS program. Applicants who plan to apply to the NSMS program must have a bachelor’s
degree in a natural science or engineering field. All incoming NSMS students should meet a
minimum level of competency indicated by passing grade in a math class of MATH 316 or
higher. If needed, incoming students who are otherwise qualified may take MATH 316 during
their first semester and pass with a B or better or by taking and passing an equivalency exam that
certifies their mathematical ability.
NSMS M.S. application process
The general application process for domestic and international students is described in the
graduate program section of this Catalog. In addition to meeting those requirements, applicants
must submit the following directly to the NSMS Program Office for the Admissions
Subcommittee review and selection process:
1. Letter of Intent from the applicant about why this program is of interest. (Approximately
250 words stating the rationale and motivation for entering the NSMS Program.)
2. Three sealed letters of recommendation (sent directly to the NSMS Office).
3. GRE entrance examination scores.
4. Any other materials that are relevant to this application, such as experiential credit.
5. Departmental application available online or at program office.
M.S. admission and advising roles
The Admissions Subcommittee reviews applications and makes admission decisions. Selected
applicants are sent a notice of acceptance. Students are encouraged to meet with the program
director or program administrator to discuss fellowship opportunities, class enrollment and UNM
standard procedures such as the details of becoming a student, obtaining an ID card and
procedures for enrolling in classes.
NSMS Ph.D. application and admission process
For prospective doctoral students, the process of applying and being selected is the same as for
applicants to the Master’s program, with the Admissions Subcommittee assuming responsibility
for reviewing applications and selecting candidates. Applicants who plan to apply to the NSMS
program must have a bachelor’s degree in a natural science or engineering field. All incoming
NSMS students should meet a minimum level of competency indicated by passing grade in a
math class of MATH 316 or higher. If needed, incoming students who are otherwise qualified
may take MATH 316 during their first semester and pass with a B or better or by taking and
passing an equivalency exam that certifies their mathematical ability.
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NSMS student advising/mentoring
NSMS students meet with Heather Armstrong once a year to discuss their progress to degree, lab
productivity, and goals. Students are encouraged from their first semester to consider graduate
deadlines and plan for them. Often this process results in an excel spreadsheet. This spreadsheet
maintained and amended by the student, lays out their curricular progress through degree
requirements. Students are also encouraged to consider funding goals, publication goals, and
research goals. It is suggested they take the resulting form to their advisor to insure all goals are
realistic.
Graduate student fellowships/scholarships
Active fellowship programs that fund NSMS and other graduate students at UNM:
CNTC (2010-2015)
The Cancer Nanotech Training Center grant from the National Cancer Institute is $1,895,109
(direct costs) for 5 years. Janet Oliver and Abhaya Datye are the co-PIs and to date 10 graduate
students have been funded
GAANN (2009-2012 extension through 2013)
This award from the Department of education ($525 000) is funded by the Department of
Education, Abhaya Datye is the PI and Deborah Evans is the co-PI. Over 15 students have been
funded
NSF Science Masters Program – SMP (2010-2013)
This award for $700K is administered by NSMS, with Kevin Malloy as the PI. Twenty-four
Fellowships have been awarded.
College of Arts and Sciences Excellence fellowships
Two Excellence Fellowships were awarded to NSMS graduate students Fall 2012. These were
obtained through a competitive internal review process by the office of the Dean of the College
of Arts and Sciences. They will support two graduate students throughout their doctoral studies,
and then be available for the NSMS program to distribute to incoming students.
Previously Funded Fellowship Programs:
NSF IGERT (2005-2010, extension 2012)
The NSF IGERT funded 30 fellowships. The PI was Diana Huffaker through 2006, after she left
UNM the PI has been Abhaya Datye. The co-PIs are Kevin Malloy, Jeff Brinker and Steve
Brueck. Total award amount was $2,850,000.
4. Assessment
a. Student Learning Assessment
Student Learning Goals:
The NSMS program identifies specific learning goals for all graduates of the NSMS program.
Ph.D. program:
Students receiving the Ph.D. in Nanoscience and Microsystems will:
• Exhibit knowledge of Nanoscience and Microsystems fundamentals as exemplified by
the core courses in the NSMS program.
• Demonstrate a depth of knowledge in a specialization (an NSMS concentration area).
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Have the ability to conduct independent research.
Have demonstrated the ability to perform a critical review of the literature in the area of
specialization.
Be able to communicate effectively.

M.S. program:
Students receiving a Masters degree from the Nanoscience and Microsystems program will:
• Exhibit knowledge of Nanoscience and Microsystems fundamentals as exemplified by
the core courses in the NSMS program.
• Be able to communicate effectively.
• Demonstrate the ability to critically assess information in the discipline and/or
specialization.
• Complete a project or thesis
i. Specific Learning Objectives (SLOs)
The NSMS core is composed of 5 classes. The course syllabi in Appendix D give an overview of
subjects and topics covered in each lecture and laboratory.
NSMS
CORE
510

512

NSMS
CORE
518

NSMS
CORE

Title

Primary Student Learning Objectives

Current Assessment

Chemistry
and • Students can apply the fundamental laws of phyiscs • Targeted questions on
Physics at the
and chemistry (thermodynamics and quantum
homework and exams
Nanoscale
mechanics) to explain the behavior of materials on the • Term project to probe
nanoscale
molecular behavior of
• Students can explain phenomena on the nanoscale in
a nanosystem
terms of the underlying electronic and molecular level • Team
quizzes
on
interactions
recent literature articles
• Students develop skills to read, analyze and
understand the fundamental chemistry and physics of
a journal article in the field of nanoscience
Characterization
• Students will get an exposure to instrumental methods • Problem sets
of Nanostructures
used for the study of nanomaterials
• Exams to test that
• Students will understand the experimental parameters
essential elements are
and factors that affect the data quality and
comprehended
interpretation
• Team proposal
• Students will use basic knowledge presented in class
to formulate an idea that can be tested with the
physical tools presented or other techniques not
covered in class.
Title
• Primary Student Learning Objectives
• Current Assessment
Synthesis
of • Students understand underlying principles for
Nanostructures
“bottom-up” assembly of nanostructures
• Students learn the techniques for “top-down”
synthesis using lithography
• Students can use tools the for top-down and bottomup synthesis to develop a proposal for novel research
in the field of nanoscience

Title

Primary Student Learning Objectives

• A team project with a
written
and
oral
defense mid- and endof term to develop a
new synthetic protocol

Current
Assessment
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Nano/Microelectr
omechnical
Systems
(NEMS/MEMS)

•
•

Students learn the physical theory of
NEMS/MEMS
Students learn how to design, fabricate and
characterize NEMS/MEMS devices in the
laboratory

•

•

550

Responsible
• Students will be trained on their responsibilities and
Conduct
of
role for conducting research with integrity
Research
and • Students will learn about established professional
Nanotechnology
norms and ethical principles related to scientific
(Ethics)
research

Students
undertake a
laboratory
project to
synthesize an
actuator from
beginning to end

1-week lab
modules focus on
several MEMS
techniques

Students will attend all
classroom sessions and
receive a “pass with
certification”
in
the
responsible conduct of
research

Students are required to maintain a 3.0 GPA, and an A- average to move on to the
Qualifying Examination of the PhD. Future plans of assessment will address how each core
class is effectively achieving each of its SLOs at the end of the semester that the class is
offered.

ii. Assessment Plan
The plan for the assessment of student learning for NSMS M.S. and Ph.D. Programs and the
Ph.D. minor in NSMS is outlined below.
Ph.D. program: For students receiving a NSMS Ph.D., the assessment of student learning
outcomes will initially be conducted through the students’ Ph.D. Qualifying Exam committee.
The assessment is documented using a rubric that has been developed for this purpose, to be
filled out by a consensus of the committee, rather than by each individual member of the
committee. The specific questions and scoring procedure of the rubric are included in Appendix
C. The student’s Dissertation Committee also assess student performance during the
Comprehensive Exam (around year 3-4) and during the final Ph.D. dissertation defense, using
the examination forms provided by the Office of Graduate Studies.
Ph.D. minor: For students receiving a minor in NSMS, the assessment of student learning
outcomes is based on the performance of students in specific aspects of the core courses.
M.S. program: For M.S. students, assessments are done using the M.S. exit exam for both Plan
I and Plan II students. The final examination forms are completed by the examination committee.
iii. Outcomes Assessment
All assessment forms and rubrics from each exam of all students are collected, reviewed and
evaluated by the NSMS graduate committee. The evaluations prepared by the relevant
examination committees are reported to the NSMS curriculum committee for analysis. The
rubric forms for each student from the PhD Qualification Examinations are reviewed by all
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faculty who participate in the examinations process at a joint meeting. At this meeting, the
faculty pool the results from individual students to determine how well the student cohort meets
the specified student learning objectives. Discussion of the curriculum, student performance and
examination processes have also been discussed at NSMS retreats held in July 2007, March
2008, August 2010 and May 2011 (agendas for some of these retreats are included in the
Appendix E). Minutes are taken at the joint faculty meeting following the qualifying
examinations, and feedback results are gathered at retreats. In 2011, the GSA conducted a
student-led assessment of the core courses and their impact on the student body’s abilities to
achieve selected learning goals. These recommendations were submitted to the NSMS program,
and the final curriculum report is included in the Appendix F. Students who give public
seminars during their graduate career, e.g. as speakers at the Nanocafe, also receive peerreviewed feedback from public speaking evaluation forms, a copy of which is included in the
Appendix H.
iv. Assessment Results
Each examination committee determines whether individual students have met the
requirements to pass the examination. Students who fail the Qualifying Examination receive a
written report from the program with an assessment of their performance, and they are allowed to
repeat the examination once. Input from examination committees and retreat discussion groups
are used to make specific recommendations to the NSMS program concerning aggregate student
performance and the effectiveness of the core curriculum in achieving the student learning goals
of the program.
v. Implementation of Assessment Results
The NSMS program reviews all assessment results. This allows the NSMS program to
make appropriate changes and recommendations based on these results. Students who are
deficient in certain areas in the qualifying examination receive written recommendations on how
to improve their performance in this area. Some students may be required to take specific courses
recommended by the committee. More importantly, discussions at the Qualifying Examination
joint meeting that show systematic gaps in aggregate student knowledge have led directly to
changes in the subject matter taught in the core curriculum. Recommendations made at NSMS
retreats have resulted in refinement of the core classes to better complement each other. Results
from the retreats and the GSA report on the core curriculum have resulted in the development of
detailed syllabi for all NSMS core courses. Student feedback has resulted in all core courses
having NSMS graduate students as teaching assistants to help students from different
backgrounds master the core knowledge.
b. Program Assessment
The UNM NSMS Program aims to become a recognized graduate program in the field of
Nanoscience and Microsystems Engineering. It will maintain a high research and educational
profile in the field, attract talented students and new faculty to UNM, and prepare students with
interdisciplinary backgrounds to be successful in a variety of science and engineering careers.
i. Program Goals
Our general goals for the NSMS program are as follows:
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To prepare diverse, well-rounded, and globally minded graduates with comprehensive
understanding of multiple scientific disciplines, who can harness unique nanoscale
phenomena to create macroscopic functionality.
To provide a high level of mentorship and advisement to enable students to graduate in a
timely fashion by guiding students through various milestones, and to ensure a high
retention rate of students in the program.
To develop students who have creative, critical problem-solving skills stemming from
team based, multidisciplinary learning allowing them to progress to careers in science
and engineering.
To instill in our students ethical principles to guide their research and to develop an
interest in sharing their knowledge and interests in their communities through outreach
efforts.
To establish strong recruitment efforts to enhance the number of women and
underrepresented minorities.

ii. Assessment Plan
The assessment of how the program is meeting these goals is done on many fronts, including
program initiated surveys sent to all students, NSMS program retreats attended by faculty and
NSMS students and an assessment of the curriculum and courses led by the Graduate Student
Association. The assessment plan asks specific questions about how effective various NSMS
program elements (core classes, professional development, oral examinations) are at meeting
some of these goals. In addition, students are required to complete forms on an annual basis
concerning their progress through the program, anticipated graduation dates, and future career
plans. Heather Armstrong maintains a complete database of all student information.
iii. Assessment Results
The ability of the program to produce globally minded students who have harnessed nanoscale
phenomena to create functionality is reflected in the topics of the student dissertations and their
achievements.
NSMS PhD graduates
NSMS has had four Ph.D. graduates. David Kissel (fall, 2007) has created his own company
called Lotus Leaf Coatings (www.lotusleafcoatings.com). He is the Chief Technical Officer.
Ryan Molecke (spring, 2011) is a post doc at Rensselaer. Shisheng Xiong (spring, 2011) is a
post doc at The University of Wisconsin at Madison. Michael Robson (fall, 2011) is an
engineering III at Raytheon/KTech. A list including their dissertation titles and employment
information is included in Appendix J.
Student publication and conference presentations:
The ability of the program to train student NSMS students have critical problem-solving skills is
reflected in the student success in the program. NSMS students have more than 78 papers
published in peer-reviewed journals, 127 oral and poster presentations at conferences and 3
patents.
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Student awards and honors:
NSMS Students have won first place in the Anderson Annual Business Plan Competition for the
last three years and third place in the last two years. The NSMS PSM has graduated 23 M.S.
students in the last 2 years. One NSMS minor Ph.D. won the prestigious post doctoral Harry S.
Truman Fellowship. 3 of the NSMS students have won the NSF Graduate Research Fellowships.
One current NSMS student has just been awarded the UNM-Sandia Excellence in Engineering
Fellowship. Another NSMS student has been selected for the William C. Kraft and Charlotte
P. Kraft Memorial Fellowship.
Post graduate success of NSMS students
NSMS’s first Ph.D. graduate started his own company, Lotus Leaf Coatings. Subsequent Ph.D.
graduates have been hired by Raytheon and into post-doctoral positions at the University of
Wisconsin at Madison and Rensselear Polytechnic Institute. Fall 2012 graduates have jobs with
the University of Massachusetts at Amherst and the National Institutes of Health in Washington
DC. All NSMS Ph.D. graduates have had jobs before graduation.
The NSMS program has followed the career trajectory of all graduates. The average time to
graduation is 1 year for Masters students and 4 years for Ph.D. students. The retention rate for
the program is 100%. None of the students who have started the program have ever left without a
degree.
NSMS Masters Graduates
Our Masters graduates have a high level of success in acquiring the skills to move to the next
level of their careers. Of our 28 Masters degree graduates, 18 are pursing PhD degrees, at UNM
and elsewhere in a variety of fields, one student is pursuing an MD/PhD, one student is pursuing
a Masters in another field, 6 are research scientists in Industry and at the national labs and one is
pursuing entrepreneurial ventures in engineering. (A table of the specific career trajectory of all
our Masters graduates is given in Appendix K.)
Student Diversity and Outreach
The ability of the program to recruit a diverse student body is reflected in the demographics of
our NSMS population (see section 5a or Appendix O). This points to the success of the program
in recruitment and retention efforts. The NSMS program has 27% ethnic minority students and
29% female students, which is much higher than the national averages in physical sciences and
engineering programs. The outreach record of the NSMS student body has been discussed in
detail earlier in the document (see also Appendix A and Appendix B). Almost all NSMS PhD
students have engaged in at least one outreach activity, and most NSMS students participate in at
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least one outreach activity per month on average. In 2011 each NSMS outreach event averaged
an attendance of 19 students.
Enrollments in NSMS Courses
The ability of the program to continue to recruit, retain and attract diverse students is directly
measured by the enrollments in the NSMS classes. Since the inception of the NSMS degree
program, we have a total of 5348 graduate student credit hours as a result of students enrolled in
the core and elective classes. A Table of the detailed enrollments per class is given in the
Appendix L & Appendix M). Many of the NSMS graduate courses are also available as technical
electives for undergraduates. In addition, an upper level capstone course is now offered and
counts toward degree completion in the BS Chemistry and Chemical Engineering degrees. The
total credit hours generated by these undergraduate offerings is 399, and a Table of the detailed
course enrollment and credit hours is given in the Appendix L.
iv. Enrollments in NSMS Courses
Graduate Courses
1195 students have enrolled in the NSMS core courses in the last five years. This equates to
5,348 credit hours. 565 students enrolled under the cross listed sections. This equates to 3,595
credit hours. The courses included in these figures are NSMS 510 – Chemistry and Physics at
the Nanoscale, NSMS 512 – Characterization of Nanostructures, NSMS 518 – Synthesis of
Nanostructures, and NSMS 519 – MEMS and Transducer Technologies. A chart of these figures
is available in Appendix M.
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NSMS undergraduate courses
NSMS core courses are also offered for undergraduates. In the last five years, the NSMS
undergraduate courses have had 132 students enroll resulting in 399 credit hours. The courses
included in these figures include ME 419/461 – MEMS Transducer Devises and Technology
(4cr), CHNE 499 – ST: Characterization Methods for Nanosctructures (3cr), CHEM 471 – Adv:
Chemistry and Physics at the Nanoscale (3cr), and PHYS 410 – Chemistry and Physics at the
Nanoscale (3cr). An expanded table is available at Appendix L.
v. Implementation of Assessment Results
Data from the NSMS retreats and the GSA review of the NSMS program has led to changes in
the curriculum. Based on recommendations, the NSMS program moved from 4 core courses to a
soft-core of a choice of 3 of 4 core courses to better serve the student population. The Ethics core
class was streamlined from 3 CH to a 1 CH intensive course, and it is now taught by a UNM
instructor. This core class, NSMS 550, now serves as the formal certification for graduate
students in our program, who must fulfill a requirement for responsible conduct of research to
participate in federal NIH and NSF funded research projects. The establishment and growth of
the Professional Science Masters (PSM) program was initiated by the number of students who
pursue careers as entrepreneurs and in industry. The decision for the NSMS program to continue
offering the PSM degree, even after the NSF funding is completed, has been driven by the
success of the NSMS students in the annual business plan competition.
c. Program Comparisons
According to the findings of a 2009 report 7 the total number of nanotechnology degree programs
in the United States is small, with less than 1% of degree granting institutions in the country
offering nanotechnology degrees at any level. There are currently less than 15 graduate degrees
(M.S. and Ph.D.) in nanotechnology at research universities with the equivalent Carnegie Rank
of Very High Research (VHR) Activity where UNM belongs. Ph.D. programs at these VHR
universities are offered at ND State, SUNY Albany, UW Seattle, UC San Diego and UNM.
The College of Nanoscale Science and Engineering at SUNY at Albany is of the largest scope,
and the only college dedicated to nanoscale science and engineering in the US, offering Ph.D.
degrees in Nanoscale Science, Nanoscale Engineering and a MD/Ph.D. in Medicine and
Nanoscale Science or Engineering. The graduate degree program at UC San Diego is exclusively
an engineering degree at either the M.S. or Ph.D. levels, in the Jacobs School of Engineering.
The ND State Graduate Program in Materials and Nanotechnology spans the Colleges of A&S,
Engineering and the Center for Nanoscale Science and Engineering. The Ph.D. program at UW
in Nanotechnology offers a Ph.D. in the “Home Department” and a certificate in
Nanotechnology, where home departments include Physics, Chemistry, BioEngineering, EE,
Materials Science, Biochemistry, Genome Science and Biophysics.
The Graduate Degree Program at UNM shares some elements with all of these programs,
although there are key differences. The NSMS program at UNM offers multiple graduate degrees
7

Van Horn et al, Center for Nanotechnology in Society at ASU, A Profile of Nanotechnology Degree Programs in
the United States, 2009.
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(Ph.D., MS, PSM), but unlike the College the University at Albany, it is an interdisciplinary
program, with no “home” college or faculty. Courses offered in the Nanoengineering program at
UCSD are offered as exclusive departmental (NANO) courses, and the program is administered
and coursework is taught by the Nanoengineering Department with about 16 department faculty.
At UCSD, the nanoengineering program grew out of the Chemical Engineering Program. Until
2009, UCSD offered a Chemical Engineering Degree with a concentration in Nanoengineering.
UCSD now offers both M.S. and Ph.D. degrees in Nanoengineering. The program at UW grew
out of an IGERT program, much like UNM’s program. The UW program has adopted a model
that is much closer to the original IGERT vision, where students obtain “traditional” degrees, and
a concentration in Nanotechnology. Similar elements include research rotations, interdisciplinary
coursework, Nanotechnology seminars, and thesis work in nanoscience or nanoengineering. In
terms of the degrees offered and program size, the Materials and Nanotechnology program at
North Dakota State is quite similar. Offering both M.S. and Ph.D. degrees in Materials and
Nanotechnology, students are required to complete core classes focused on materials and
nanotechnology, and select electives in different focus areas offered by other participating
departments. Like UNM, the teaching and administration of the programs at UW and NDSU is
by affiliated faculty, with home departments in the traditional colleges. Unlike UNM, both these
aforementioned programs are associated with Research Centers specifically in Nanoscience or
Nanotechnology.
There are a number of factors that make the NSMS graduate degree program at UNM unique,
both at UNM and in comparison with other similar programs. NSMS is an Interdisciplinary
Program that offers three graduate degrees in Nanoscience and Microsystems: MS, PSM and
Ph.D. It is the only program that spans four colleges: Arts and Sciences, Engineering, School of
Medicine and the Anderson School of Management. Affiliated faculty from Departments in all
these Colleges are actively engaged in teaching core courses, program management, program and
student evaluation and examination committees. At UNM, the NSMS has one of the most active
Graduate Student Associations. The GSA is actively involved in all facets of the program:
program evaluation, new student orientation, course assessment and community outreach. The
NSMS program is also one of the most active graduate programs on campus in terms of
community events and outreach. While the NSMS program is not associated with a center
specifically for nanotechnology, the NSMS has affiliated faculty, and students working in the
research laboratories of several research centers with nanoscale projects, namely the Centers for:
MicroEngineered Materials (CMEM), Emerging Energy Technologies (CEET), High
Technology Materials (CHTM), BioMedical Engineering (CBME) and the UNM/SNL Advanced
Materials Laboratory (AML). Unlike the traditional Departments at UNM, the NSMS program
does not have an associated undergraduate degree, and consequently all financial support for
graduate students is provided through training grants, and graduate assistantships from federally
funded grants. Despite the lack of teaching assistant lines, first and second year graduate students
have been successfully supported from a variety of competitive fellowship programs: NSF
NSMS IGERT, NSF NSMS PSM Program, DoEd NSMS GAANN and the NIH CNTC (Cancer
Nano Training Center).

34

Nanoscience and Microsystems - Academic Program Review 2012

5. NSMS program students

a. Demographics
NSMS has 61 current students. We have graduated 4 Ph.D. and 28 M.S. students. A complete
list of all current students is included in Appendix N. 30% (18) of the current students are
women. 27% of all NSMS students are classified as ethnic minorities. 67% of all current NSMS
students did not received their undergraduate degrees from The University of New Mexico.
b. NSMS Graduate Student Association
The NSMS GSA was founded in the fall of 2010. They have been active in all areas of the
program including hosting the new student orientation, curriculum review and program
evaluations. These efforts have resulted in written
reports, feedback to core faculty, which has resulted in
substantive changes to the program and curriculum.
They have also worked to build a community among
students who don’t have a physical home in common.
They operate from a mentality that a happy graduate
student is more productive and likely to finish. They are
also greatly engaged in the program’s outreach efforts as
well as in the outreach of other departments.
6. NSMS Program Faculty
a. Research Productivity
A total of 50 faculty are associated with various aspects of the NSMS interdisciplinary graduate
program. A list of these faculty are included as Appendix P. The affiliations of these faculty
members are listed in the attachments. Among this group include three Distinguished professors
and two Regents professors (the highest ranks at UNM at the level of professor). This group
includes NSF career awardees, fellows of
professional societies, one member of the
Home Departments of
National Academy of Engineering and faculty
Participating Faculty
who have won the highest teaching and research
10
awards at UNM. They have distinguished
8
6
careers in education, research and mentorship
4
(one faculty member won the Presidential
2
Award for Excellence in Science, Math, and
0
Engineering Mentoring). This is a diverse
faculty group, which includes women (11), 3
under represented minorities (Hispanics) and all
ranks
(assistant
through
distinguished
professor).
As evidence for the scholarly activities of this group of faculty, we have compiled a list of all
publications by the faculty to-date, and the publication citations, as determined by the Elsevier
search engine SCOPUS, which only tracks citations after 1996. Hence, the citation impact of the
senior faculty is understated in these charts. We have also indicated the h-index for each faculty
member. A faculty researcher with an index of 30 has published 30 papers each of which have
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been cited by others at least 30 times. The h-index quantifies both the actual scientific
productivity and the scientific impact of a scholar. Since our faculty group spans a range from
Assistant Professor through Distinguished Professor, the charts show a range of faculty output.
But the aggregate h-index for this group of faculty is very impressive at 92.
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Figure 4 Analysis of publication impact for
the 50 faculty involved with the NSMS
graduate program. The charts show the
number of faculty publications for each of
the 48 faculty members, the total number of
citations for each of these faculty members
and the h-index for each faculty member.
The data comes from Scopus, which does
not cover citations before 1996, so these
numbers are likely to be under stated for
senior faculty.
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Research Productivity
Publications (to date)
Publications (2005-2008)
Patents (to date)
Current research funding

Aggregate (all 50 faculty)
3,163
993
142
$77,012,312

Program Faculty (1-48)

Average (per faculty)
67.3
21.1
3
$1,604,423

i. Facilities and Equipment
While NSMS doesn’t maintain any specific facilities, is has helped many partners across campus
improve their facilities. The NSMS IGERT and the NSMS program partnered to bring two new
computers: NANO, and more recently GIBBS to the Center for Advanced Research Computing.
The NSMS team has also improved the materials instrumentation at UNM by adding a Dual
Beam Quanta 3D Focused Ion Beam and Field Emission Gun Scanning Electron Microscope and
new X-ray Diffraction instrumentation. NSMS has also been able to provide NSMS GAANN
fellows with laptop computers. When these students graduate the laptops are then given to
incoming students in the NSMS program.
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Appendix A – Outreach by the NSMS program

NSMS REU
Many NSMS faculty and graduate students also participate
in the NSMS REU Site Program (PI:Datye, co-PI: Evans,
DMR-0649132). The NSMS Research Experience for
Undergraduates serves as an outreach program in
Nanoscience and Microsystems to undergraduate scholars
from New Mexico and all over the United States. The
NSMS REU program (2010-2012) has built on the success
of the REU program in materials run by Abhaya Datye for
15 years prior. Over the last 3 years, the NSMS REU program has hosted 36 undergraduates
from diverse academic institutions across the U.S. for ten weeks over the summer. These REU
students have engaged in cutting-edge research in the laboratories of NSMS affiliated faculty. In
addition many of the undergraduate students have been mentored by NSMS graduate students.
This not only has helped the undergraduate REU students, but it serves as an educational and
training opportunity for NSMS graduate students to hone their skills as research collaborators,
mentors and advisors in their own right. The program serves as a way to encourage U.S.
undergraduates in the STEM disciplines to continue on to graduate school and ultimately pursue
careers in science, engineering or entrepreneurial ventures. The NSMS REU program has also
attracted a number of undergraduates to apply and be accepted to graduate schools at the
University of New Mexico (at least 5 students to date).
SCME Partnership Outreach
Outreach Activities are part of the education and training for all NSMS graduate students.
Previous NSF and DoEd training grants established some effective approaches and networking
based around local public schools, annual public events, and appearances at museums and fairs.
However, the need for training effective innovators in STEM disciplines presents a double
challenge in regard to the diversity of the participants - first there is the problem of low minority
participation in STEM disciplines and second, there is the lack of participation by women and
minorities in entrepreneurial activities. In New Mexico, our outreach activities have a significant
chance of driving interest in STEM disciplines. NSMS has attempted to institutionalize
educational outreach activities in innovation and engineering entrepreneurship through a
partnership with the Southwest Center for Microsystems Education, an NSF Advanced
Technological Education Center(0902411), directed by Prof. Matt Pleil.
The NSMS program has an active collaboration with Prof. Matt Pleil. The SCME partners with
many academic and manufacturing partners interested in nano- and microsystems technology.
NSMS students work with SCME to refine existing educational kits and develop new kits based
on their interdisciplinary research. SCME collaborates with NSMS students so that each kit will
come with an instructor guide and background information that teachers can take to their
classrooms. More importantly, NSMS students work to develop materials introducing the
importance of invention, innovation, technology transfer and entrepreneurial activities to impact
society. In Spring 2012, NSMS students worked with the SCME Director and instructors to run
“train the trainers” sessions for local teachers and volunteers. These outreach activities have the
potential to impact a large number of students in New Mexico. A future goal is for NSMS
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students to train a number of teachers, who in turn will be able to provide exposure to
nanoscience and technology to a large number of students. Each educational kit that teachers will
be trained on will provide basic scientific knowledge, hands-on experience and applications of
the technology with societal benefits.
Science on tap
NSMS also was instrumental for the creation of the new
“Science on Tap” seminar series which aims to educate
local adults about science. The idea, in part, is that
education starts with parents. Parents cannot encourage
their children about science if they are uneducated
themselves about what science is being done I their own
city. NSMS partnered with Chemical and Nuclear
Engineering, the National Museum of Nuclear Science
and History, and Cosmo Tapas to create this seminar
series. This seminar series has been accomplished without any financial support. Currently, all
aspects of this seminar have been donated. The greater goals of “Science on Tap” are to bring
science to the public, to increase public awareness and pride in the research accomplishments of
area scientists, increase awareness of educational opportunities, and to provide area science
enthusiasts a fun and unique venue for meeting and interacting with one another. Invited
speakers will lead discussions about wide-ranging science topics from researchers in the School
of Engineering, the College of Arts and Sciences and the Health Sciences Center.
The event takes place at Cosmo Tapas, located in the well-known Nob Hill area just east of
campus, on the first Thursday of each month beginning in August at 5:30 PM. This is a free
event. The program begins with a short 30-minute presentation by the featured speaker, power
point slides are not allowed. It is followed by 30 minutes for attendees to ask questions and gain
additional information. The seminal event was advertised widely both within the university and
without. The seminal event, held on August 2nd, 2012, filled every chair and had limited standing
room. “Science on Tap” is an excellent way to bring science to the public, and encourage
participate from New Mexico citizenry from very diverse backgrounds.
APS Science Nights/Nano Camp/State Fair
In the same vein, NSMS has held “Science Nights” at several
area elementary schools. This allows graduate students from
the program to educate students and their parents side by side
about nanoscience, using kits the program applied for
through the NISE (Nanoscale Informal Science Education)
grant. Nano camp represents a partnership between the
NSMS degree program and the National Nuclear Museum of
Nuclear Science & History. This partnership was forged
through the NISE Network Alliance. Students registered in
the museums summer camp are taught by NSMS Ph.D. students, take tours of UNM laboratories,
and learn something about the “smallest science”. NSMS has had a table at the state fair every
year on the main boulevard. It was at the 2009 State Fair Amber McBride, current NSMS Ph.D.
student and GSA founding member, learned about the program. This has also been a wonderful
opportunity to increase public knowledge and awareness of Nanoscience.
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Nanoscale Informal Science Education (NISE) Network Partner
NSMS is a NISE partner. NISE represents an international
collaboration of universities and museums whose aim is to
increase public understanding of nanoscale research. NISE
efforts focus on Nano Days which are held annually during
the last week of March/first week of April, depending on the
calendar. NSMS has partnered with the Spatiotemporal
Modeling Center (STMC) lead by Dr. Janet Oliver and Santa
Fe area art museums. The NSMS Nano Days has been a two
day event beginning on a Friday night and continuing through Saturday. The schedule includes
invited seminar speakers, nano themed art exhibitions and contests along with nano hands on
demonstrations. The demonstrations are kits awarded to the NSMS program by the NISE
Network. Heather Armstrong has applied for and been awarded this grant on an annual basis
since 2010. This grant has also paid for Heather Armstrong to attend an annual conference in
2010 and 2011. It was at this conference in 2011 when the concept for the Science on Tap
seminar series was born. Heather has been asked to present the success of Science on Tap as well
as our innovative spin of nano expressed through art at the upcoming 2012 NISE conference.
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Appendix B – List of NSMS Outreach Events by Year

NSMS Outreach Events By Year
2012
Nano Camp! – Week long science camp, tours and daily themes.
NISE Nanodays/Systems Imaging Symposium
Zoom into Science – Collaboration with Nuclear Museum
REU Mentorship
Science Night - Bellhaven
Continue partnering with Explora Science Museum (multiple events)
Continue partnering with the Nuclear Museum (multiple events)
Ask a Scientist
Science on tap! (Monthly public seminar series) (NEW)
2011
CHTM Lab Tour – Albuquerque High School
UNM/SNL symposium
REU Mentorship
NSMS Student Symposium
Zoom into Science – Collaboration with Nuclear Museum
Making Stuff – Collaboration with Nuclear Museum (multiple events)
Native American Community Academy (NACA) – Set up and weekly collaboration with highs
school chemistry class.
NISE Net nanoscience conference on outreach by invitation
NISE Nano Days/Systems Imaging Symposium
Train the Trainer, collaboration with Central New Mexico Community College and an NSF ATE
Center – SCME.
Science Night – Bellhaven Elementary School
Nano Camp! – Week long science camp, tours and daily themes.
2010
Kit Carson - 5th Grade, UNM Lab Tour
Native American Community Academy (NACA) – Set up and weekly collaboration with highs
school chemistry class.
CNTC Kickoff
REU Mentorship
American Indian Science & Engineering Society (AISES) overnight camp at UNM, Classroom
visits and UNM Lab Tour
CHTM Lab Tour – Albuquerque High School
NISE Net nanoscience conference on outreach by invitation
New Mexico State Fair – Celebra La Ciencia Day
2009
UNM SOE Openhouse
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Continued NSMS Outreach List
AIMS Science Fair
APS Science Fair
Perry Outreach Program - UCSF Orthapaedic Trauma Institute
Regional State Fair
American Indian Science & Engineering Society (AISES) overnight camp at UNM, Classroom
visits and UNM Lab Tour
AHS Tour
REU Mentorship
APS Tour
NISE Nano Days/Systems Imaging Symposium
Cancer outreach
Cell Signaling in Cancer Outreach
East San Jose Elementary Demo
Explora - Portal to the Public (POP) program
La Cueva High School Intern
State Fair!
Open Science Video
Outreach National Consortium for Measurement & Signals Intelligence Research
High school bioengineering project
Bioengineering finger project
Science Night - Bandelier
2008
State Fair!
REU Mentorship
AIMS Ethics Workshop
AIMS Science Fair
Explora - Portal to the Public (POP) program
Mentor REU
Science Night - Kit Carson
Science Class Visit - 2nd Grade - Kit Carson
Atomic Museum - Fuel Cell Explanation
Nano Days - NISE kits
Nano for kids - NISE kits
School to the world - w/SNL
Stolen dog! w/SNL
2007
Bio materials nano outreach - fun with polymers
6 nano demonstrations - Hubert Humphrey
OASIS Lecture - Dr Datye lecture for seniors
REU Mentorship
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Appendix C - NSMS Qualifying Exam Directions, Rubric, and Scoring

Nanoscience and Microsystems Oral Qualifying Exam Procedure
(Adopted Fall Semester 2012)

The graduate committee will pick a set of three published journal articles representing the three concentrations in
NSMS. The student selects one of these three papers which becomes the basis for the oral exam. The students will be
instructed that they are to work alone without discussing or consulting each other, other students, faculty, post-docs,
etc. about the topic. The purpose of using the same set of papers is to provide a more uniform basis of judging
performance than could be done if each student was examined on a different topic. The papers will be chosen to avoid
the specific research areas of all students taking the exam but still have appreciable nanoscience and microsystems
technical content.
Students will have two weeks from the date they receive the paper until the date of the oral exam. Thus, once the paper
and oral committees have been set, each student will contact his committee members and arrange a date and time for
the exam. Each student will be given the paper exactly two weeks before the scheduled exam date.
EXAMINATION EXPECTATIONS AND PROCEDURES
Students will be expected to read the paper and research sufficient background and supplementary materials related to
the paper to: (1) develop a critique of the paper that demonstrates deep understanding of the content and
fundamentals in the paper, and (2) develop a proposal for a research project that builds on the material presented in the
paper. The paper critique and the research proposal will be the basis of the oral exam presentation, as described below.
Each student will be asked to prepare a 30 minute presentation for the oral exam. The talk should provide a critique of
the paper and a research proposal. This critique should be concise, approximately 15 minutes, and should communicate
a basic understanding of what the paper was about, and summarize especially important conclusions, findings, analysis
or experimental methods. The presentation should emphasize the novel aspects of the paper, and the significance of the
contributions that the paper makes to the field. The student should do a literature review and comment on related
work or other approaches.
The research proposal should define a Ph.D. level research project, which might be appropriate for one person over a
span of approximately two years, and achievable with available equipment and resources. The proposal should address
the classical elements of a research proposal: motivation/need for the work, objectives, approach and methods,
anticipated results, and potential significance and impact of the work. The proposal must emphasize the novel aspects
of the proposed work, how it differs from what is already published in the literature. A well formulated research plan is
needed that includes the variables to be studied, a time line for the research, expected outcomes and milestones. Due
to limited presentation time, the approach, methods and anticipated results should probably constitute most of the
presentation, with brief descriptions of each of the other elements. Lastly, the student should explain the connection
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between the paper content and the research proposal. One set of copies of the overheads used in the presentation
should be printed for each of the the examination committee members.

The examination committee will question the student after the critique and after the proposal but will not interrupt the
presentation except to seek clarification. Questions could address the details, rationale and thinking behind the
proposal, as well as the students understanding of the content and fundamentals of the paper. In addition to a creative
and carefully thought-out proposal, it will be expected that the students demonstrate an in-depth understanding of the
content of the assigned paper. The proposal must demonstrate novelty and originality and work of sufficient scope to
qualify for a PhD.
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NSMS STUDENT
Qualifying Exam Check List
Description
Set a day and time with all committee members.
Reserve a room for your qualifying exam. (2 hour block)
Email Heather (heathera@unm.edu) 2 weeks before your exam to
request papers.
Send paper you selected to all committee members.
Reserve (if needed) a projector for your qualifying exam.
Borrow laser pointer & have extra batteries.
Create handouts (3 slides per page) of your PPT presentation for
each committee member.
Print out a copy of the qualifying exam reports for each committee
member.
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Student Name: _______________

Advisor Name: _________________
REPORT OF – (Student Name)

NSMS PhD Qualifying Examination Report
(This page should be filled out by the student prior to the exam and one copy given to each committee member)
Chair of Evaluation Committee_______________________________
Date of Qualifying Exam _____________________
Qualifying Exam Presentation Title
_____________________________________________________________________________________________
__________________________________________________________________________________________________
Committee Members Name

Departments

After evaluating the oral qualifying exam, each committee member should fill out the response sheets provided. For each
attribute which a committee member feels is somewhat or very deficient, a short explanation should be provided.
Committee members may be asked to defend their grading to the qualifying exam committee. Completed forms are to be
treated as confidential and are to be turned in to the Chair of the NSMS program, or to the NSMS program coordinator.
A summary of written comments from committee members as well as any edited copies of the oral qualifying exam
reports submitted by committee members will be provided to the student by program coordinator (Heather). The student
is encouraged to schedule a meeting with the chair as well as the rest of the committee members, after receiving the exam
reports, to get additional feedback and further suggestions.
All evaluation documents including rubrics and written comments must be completed by all committee members.
A copy of the completed forms (both rubrics and written comments) must be delivered to the NSMS Program Office
immediately following the qualifying exam.
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No clear organization.

Some organization is present, but there are
several significant gaps in the presentation.

Marginal (1)

Use of technical English is good, with
only a few minor flaws. Speech is audible
and understandable.

Organized, with a small number of minor
gaps.

Good (2)

Speaker is able to answer all questions
clearly, effectively, and with confidence.

Masterful use of technical English.
Speech is clear and easily understood.

Presentation is well organized and flows
logically from start to finish.

Excellent (3)

Student Performance (Part A – Communication Skills)

Organization
& Structure

Some significant flaws in use of technical
English. Speech is somewhat awkward or
some minor effort is required to understand
the speaker.

Speaker is able to address most questions
with confidence.

All visual aids are very clearly readable,
and explained thoroughly. All visuals
contribute to the overall effectiveness of
the presentation.

FACULTY NAME:

Oral
Presentation

Confused speech, with poor use of
technical English. Speaker is difficult
to understand or even to hear properly.

Speaker has clear difficulties in handling
most questions.

Most visual aids clear and well described.
Most contribute to the overall
effectiveness of the presentation.

Unacceptable (0)

Discussion

No discussion generated. Speaker
evades answering any questions that
were asked.

A minority of visual aids are clear and well
described. Most visuals do not contribute
to the effectiveness of the presentation.

Category

Visual
Effectiveness

Visual aids are illegible or not
understandable without substantial
effort. Visual aids make no
contribution to the overall
effectiveness of the presentation.

Total

Score (Maximum 12)

Rating (0 – 3)
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Technical content was too low for a Ph.D.
level.

Student is deficient in some areas

Most topics sufficiently described, but not
enough emphasis on the most important
points. Technical level is appropriate.

Good (2)

Proposes original work that is well
thought out and justified. The research
problem is clearly stated..

Excellent mastery over fundamentals

Demonstrates excellent understanding of
the paper with emphasis placed on the
most significant areas, at a high technical
level.

Excellent (3)

Student Performance (Part B -Critical Analysis of Paper and Student’s Research Proposal)

Insufficient depth. Inappropriate
technical level. Missed the big
picture – impact and significance of
the paper
Student has significant gaps in their basic
knowledge of core technical subjects

Research breaks new ground,
demonstrates a clear understanding of the
needs and goals.

FACULTY NAME:

Critical
Analysis of
Research
Paper
Inadequate knowledge of the basic
underlying principles of science and
engineering

Proposed research has some novel aspects,
but these are poorly developed.

The proposed research is both feasible
and novel and the tools – experimental
and theoretical are available.

Marginal (1)

Understanding
of NSMS core
concepts

Proposed research lacks novelty and
originality. Research is a simple
continuation of previous work.

The necessary equipment or theoretical
framework is well defined, but with some
gaps.

Unacceptable (0)

Novelty &
Originality

Research isn't feasible.

Not much thought given to how the research
can be accomplished.

A well defined research plan, with clear
milestones and deliverables. The work
can definitely be accomplished within 2
years.

Category

Technical
Feasibility of
proposed
research
No appreciation for the timeline, how
long it would take to do the research.

A good deal of thought has been devoted
to the conduct of the research, an
experimental plan is proposed.

Research Plan

A reasonable timeline is presented, but the
resources available (time and equipment) do
not match what is needed. No research plan
is included that provides details on how the
research will be done.

Total

Score = total out of 15

Rating (0 - 3)
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FACULTY NAME: ___________________________________________
Part A Communication Skills
0-6. Based on the presentation and discussion, this student is not prepared for articulating and presenting
scientific work at the PhD level.
7-10. This student is satisfactorily prepared for scientific communication.
10-12. This student is well prepared to articulate and defend a research program at the PhD level.
Part B Technical Competence & Creativity
0-7. This student is not prepared for successfully completing original work at the PhD level.
8-10. This student is minimally prepared for successfully completing work at the next level. A student at
this level may struggle with the tasks necessary for successfully completing the work independently. For
example, this student may have a hard time conducting a thorough literature review or writing about the
literature in a way that integrates findings and ideas from the review. As additional examples, a student
at this level may have a difficult time stating research questions, identifying an appropriate research
design, analyzing data, or interpreting the results without serious assistance from an advisor.
11-12. This student is satisfactorily prepared for successfully completing work at the next level. A student
at this level will have little difficulty producing quality work at the next level. However, some areas of
improvement are recommended. For example, a student at this level may need to state their ideas more
clearly, discuss results more concisely, or review fundamental concepts.
13-15. This student is well prepared for successfully completing work at the next level. This student can
produce high quality work at the next level with little or no supervision or input from others.
Committee member comments:
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
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Appendix D – Course Syllabi for NSMS Core Classes
NSMS 510/410, PHYC 410 and CHEM 471
Physics and Chemistry at the Nanoscale
Instructors: Kevin Malloy and Debi Evans;
Tuesday and Thursday @ 9.30am -10.45 pm, DSH 134

Suggested Book: Chapters will be posted from a variety of sources, including,
SM Lindsay, Introduction to Nanoscience and BD Fahlman, Materials Chemistry
ereserves.unm.edu:

course = NSMS 510 - 2012 ,

password = “ilovenano”

Course Summary:
The course is aimed at introducing students to the basic theories and concepts in physics and
chemistry that are needed to understand the behavior of matter at the nanoscale. A theme
throughout the course will be the unique properties and behavior that are encountered on the
scale of nanometers (10-9 meters).
General and basic concepts in physics and chemistry will be applied to understanding nanoscale
systems from either a bottom-up or top down perspective. This course will focus on the basics
required to understand behavior of nanosystems: thermodynamics, quantum mechanics,
dynamics.
Student Evaluation and Grading:
% of TOTAL GRADE
In-class Quizzes

30%

Individual Projects

30%

Assignments

40%

Week

LECTURE

Date

TOPICS

1

DE

08/21

Structure: Molecular Structure

DE

08/23

Electrons in Molecules and Chemical Bonding

DE

08/28

Molecular Reactions, Synthesis, Properties

DE

08/30

Polymers and Biopolymers

DE

09/4

Project I: Molecular Structures

DE

09/6

In-class Assignment

DE

09/11

Chemical Thermodynamics : Entropy and Enthalpy

2

3

4
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5

6

7

8

9

10

11

12

13

14

15

16

DE

09/13

Free Energy, Equilibrium

KM

09/18

Quantum mechanics

KM

09/20

Particle in a box Optical absorption and emission

KM

09/25

Project II - 1D coupled boxes

KM

09/27

Statistics of electrons-quantum wires

DE

10/2

Molecular Statistics

DE

10/4

Molecular Dynamics

DE

10/9

Project III: Molecular Dynamics Simulations. Exam!

10/11-12

FALL BREAK

KM

10/16

Statistics of electrons-2D and 3D

KM

10/18

Waves in Periodic Structures - Electrons in solids

KM

10/23

Brillouin Zones and the importance of the wavevector

KM

10/25

In-Class Assignment - Photons, electrons and phonons

KM

10/30

Electromagnetic waves

KM

11/1

Optical Properties - classical electron oscillator

KM

11/6

Electromagnetic properties of matter - metals and dielectrics

KM

11/8

Project IV - Plasmons

DE

11/13

Molecular Interactions, Self Assembly

DE

11/15

Amphiphile Thermodynamics

DE

11/20

Quantum Description of Molecules

11/22

THANKSGIVING

KM

11/27

Semi classical transport and Brownian motion

KM

11/29

Diffusivity and viscosity

KM

12/4

Extra

KM

12/6

Exam !
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NSMS-ChNE 512/CH 471-567, Fall 2011
Characterization of Nanostructures
T Th ME 214 11:00-12:15

Instructor
Abhaya Datye: Farris 203 datye@unm.edu, Phone (505) 277-0477
John Grey: Clark Hall 203 jkgrey@unm.edu, Phone (505) 277-1658
Brief Course Description: The overall goal of this course is to apply fundamental physical
techniques and theory for investigating and interpreting structure, composition, optical, surface
chemical and electronic properties in nanoscale materials. Because materials properties on the
nanoscale are markedly different than in the bulk, this often requires highly specialized tools for
characterization, however, a firm understanding of fundamentals is necessary for applying these
state-of-the-art approaches. The second half of this course will emphasize the tools used to study
nanomaterials. Students will learn basic physical techniques and underlying theory used to study
novel materials properties. We will then apply this knowledge to case studies from the literature
with emphasis on studying emergent properties of materials for use in optoelectronic, energy,
sensing and biological applications.
Objectives:
• Students will gain general knowledge of nanoscale materials and the appropriate physical
techniques that can be used to understand structure and properties
• Students will get an exposure to instrumental methods used for the study of
nanomaterials
• Students will understand the experimental parameters and factors that affect the data
quality and interpretation
• Students will develop a greater appreciation for underlying theory and structure-function
relationships in nanoscale systems
• Students will use basic knowledge presented in class to formulate an idea that can be
tested with the physical tools presented or other techniques not covered in class.
Background: Upper level undergraduate or graduate coursework in Chemistry, Physics, and/or
Material Science are useful. Due to time constraints and breadth of material, we will not delve
too deeply into theory but, rather emphasize practical aspects. However, much of what we will
discuss is available in texts as well as some excellent research review articles that will be
provided for you either as a handout or an ereserve/ webCT.
Textbooks: There is no textbook. Powerpoint slides, literature papers and notes to be covered in
class will be provided so that you will have plenty of time to familiarize yourself with the
material before lecture. We encourage you to look up terms and background information on the
internet (Wiki is often a good starting place) since most of these will not be formally derived in
class.
Evaluation:
Attendance and participation: This is very important if you want to do well in the course! We
like to have dialog in the classroom that can benefit both student and instructor. If you can’t

52

Nanoscience and Microsystems - Academic Program Review 2012

make it, lectures will be taped so that you can watch them at your leisure. However, no makeups
are allowed (i.e., quizzes, exams) unless your absence has been cleared previously.
Homework (25%): Several problems will be periodically assigned pertaining directly to
material previously covered in class. Some will pertain to reports from the literature which will
be posted on the ereserve. Due to the diverse backgrounds of students, collaboration is
encouraged to solve the problems and maximize comprehension of the material but everyone
must turn in separate homework sheets. You will generally have a full week to complete the
problems.
NSMS 512/ChNE 512/ChNE 499/Chem 471
Class Date
Tu Th from 11 AM - 12:15 PM
Intro to course; Intro to optical and electronic properties of nanoscale
1
8/23/11
materials
2
8/25/11
Excitons and plasmons in nanomaterials
Refs: Scholes, G. D.; Rumbles, G. Nat. Mater. 2006, 5, 683-696; El-Sayed et
al. Ann. Rev. Phys.Chem.
3
8/30/11
Special lecture:
4
9/1/11
TBD
5
9/6/11
Intro to spectroscopy and optical imaging
6
9/8/11
Spectroscopy and imaging, contd.
Case study 1: “Blinking” in nanomaterials
7
9/13/11
Refs: Nirmal et al. Nature 1996, 383, 802-804.
8
9/15/11
Lab tour and demo (single molecule spectroscopy)
Case study 4: multiple exciton generation in QDs
9
9/20/11
Refs: Klimov et al., Nature 2007, 447, 441; Bawendi et al.
Case study 5: Single molecule Raman (SERS)
10
9/22/11
Refs: Nie and Emory Science 1997, Van Duyne Chem. Rev.
11
9/27/11
Intro to scanned probe techniques: AFM, NSOM, STM
Case study #6: conductive probe AFM of quantum dots
12
9/29/11
Refs:
Case study #7: STM of quantum dots
13
10/4/11
Refs:
14
10/6/11
Review and research proposal team selection
15
10/11/11
Exam I
10/13/11
FALL BREAK - no class
Introduction to Diffraction, Reciprocal Lattice
16
10/18/11

HW

Assign #1

Assign #2
Assign #3

Assign #4

Assign #5

Assign #6

Assign #7
17
18
19
20
21
22
23
24
25
26
27
28
29

10/20/11
10/25/11
10/27/11
11/1/11
11/3/11
11/8/11
11/10/11
11/15/11
11/17/11
11/22/11
11/24/11
11/29/11
12/1/11
12/6/11

Crystal Structures, symmetry, x-ray diffraction
Synchrotron based methods, EXAFS, XANES
Grazing Incidence Diffraction, Small Angle Scattering, Neutron Scattering
Electron Diffraction
Fundamentals of Imaging, Concept of Resolution
Contrast Transfer, Phase contrast microscopy
High Resolution Transmission Electron Microscopy
Conventional Transmission Electron Microscopy
Interpretation of Image Contrast in TEM and STEM
Scanning Electron Microscopy
Analytical Electron Microscopy
Surface Analysis, XPS, SIMS, AES
EDS, WDS, and Ion Probe
Exam II

Assign #8
Assign #9
Assign #10
Assign #11
Assign #12
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12/8/11
12/13/11

Start presentations
Final Exam Week: finish presentations

proposals
due

Quizzes (15%): Approximately 1 quiz per week will be given and the questions will cover basic
concepts of previously covered material. Quizzes will be taken at the beginning of class and
students will have 5 minutes to complete quizzes. Generally, quizzes will be given on Tuesdays
so that you have enough time to digest material from the previous week. These will essentially
count as participation points.
Exams (30%): You will have two exams that will cover essential elements of each section of
the course. The exam material will be based largely on the homework and quizzes.
Proposal (20%): Student teams (~2-3) will select a topic of their interest and compose a 5 page
(maximum) proposal that identifies a scientific question and an experimental approach to answer
this question. Techniques and topics are not limited to those covered in class. This is your chance
to explore your interests in greater detail! Teams will be formed in the first half of the course so
that ample time exists to hone your ideas and approach. Teams must provide at least three
relevant and recent literature reports in support of their proposed project. An example proposal
will be provided on the webCT as a guide.
Oral presentation (10%): Students will prepare a 12 minute presentation (including questions)
on their proposal topic and present (and defend!) their topic to the rest of the class. The rest of
the class will evaluate the presentation based on criteria set forth by AD-JG. Presentations will
take place in the last week of class and finals week.
Special note on academic dishonesty (plagiarism):
“Each student is expected to maintain the highest standards of honesty and integrity in
academic and professional matters. The University reserves the right to take disciplinary action,
up to and including dismissal, against any student who is found guilty of academic dishonesty or
otherwise fails to meet the standards. Any student judged to have engaged in academic
dishonesty in course work may receive a reduced or failing grade for the work in question and/or
for the course.
Academic dishonesty includes, but is not limited to, dishonesty in quizzes, tests, or
assignments; claiming credit for work not done or done by others; hindering the academic work
of other students; misrepresenting academic or professional qualifications within or without the
University; and nondisclosure or misrepresentation in filling out applications or other University
records.”
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CHNE/ECE/NSMS 518: Synthesis of Nanostructures
Professor C. J. Brinker/Professor S. R. J. Brueck
cjbrink@sandia.gov/brueck@chtm.unm.edu

NSMS 518. Synthesis of Nanostructures (ChNE 595) – Brinker, Brueck (Existing Course offered
each spring, prerequisite is NSMS 510). Fabrication of nanoscale structures obviously is a sine
qua non for their experimental investigation. UNM has extensive research programs in both topdown (nanolithographic) and bottom-up (self-assembly) fabrication routes to the nanoscale. This
class is intended to provide an academic complement to these research activities. It will provide
the underlying physical and chemical principles for nanostructure formation using ‘top-down’
lithographic techniques and ‘bottom-up’ self-assembly. Lithography uses patterned optical
exposure of photosensitive materials followed by etching to define the presence or absence of
material. Self-assembly employs molecules or polymers pre-programmed (via amphiphilic,
hydrogen-bonding, π-π stacking or other non-covalent interactions) to organize into precise,
predictable thermodynamically defined nanostructures under specific chemical and physical
conditions. The integrated circuit industry is the classic example of the top-down approach lithography offering exquisite control of dimensions from the macroscale down to ~ 50 nm
today. While it is becoming increasingly more difficult to extend this paradigm (Moore’s Law)
further into the nanoscale, it is also clear that no fundamental limits have yet been reached. In
contrast, self-assembly has clear capabilities at scales of 10s of nanometers and below, but today
– at least in our primitive laboratory approaches – is difficult to use for materials fabricatrion on
micro/macroscales. Directed self-assembly, the union of these two approaches is both a
nanoscience grand challenge and is likely to be of enormous technological import.
This multidisciplinary course will be team taught by physicist, Steve Brueck, and materials
scientist, Jeff Brinker, who will combine aspects of optics, organic and inorganic chemistry,
colloid chemistry and surface and materials science. Lithography and self-assembly lab sessions
will be developed to synthesize nanostructures for further use as samples for the Characterization
course.

Spring 2012: CHTM Rm 103
Tuesday/Thursday 4:00 – 5:15
Jan 17 Brinker/Brueck

Introduction to the nanoscale, top-down and bottom-up fabrication

Jan 19 Brueck

Approaches to lithography: e-beam, optical, EUVL, nanoimprint,...

Jan 24 Brueck

Optical and interferometric lithography, Electromagnetics review
(Maxwell’s equations, boundary conditions, refraction, reflection,
diffraction)

Jan 26 Brueck

Fourier optics, fundamentals of imaging, microscopy and
lithography

Jan 31 Brinker

Solution-based synthesis - Solvation and hydrolysis of molecular
precursors, sol-gel chemistry concepts
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Feb 2 Brinker

Sol-gel synthesis of inorganic and hybrid (inorganic/organic)
nanostructured materials

Feb 7 Brinker

(project teams and topics due) Gelation, Aerogels, and influence of
drying stresses on nanostructured materials; ‘hands-on’
demonstration of gelation

Feb 9 Brinker

Solution-based synthesis of nanoparticles

Feb 14 Brueck

Limits of optical lithography (NOT!); Double/triple patterning,
directed self-assembly (top-down meets bottom up)

Feb 16 Brueck

Lab demonstration of interferometric lithography

Feb 21 Brinker/Brueck

Midterm team reports (10 min/team)

Feb 23 Brueck

Overflow midterm team reports; more on imaging; nonlinear
lithography – the limit is chemistry/not optics (and we don’t know
where it is!)

Feb 28 Brinker

Introduction to self-assembly of nanoscale materials

Mar 1 Brinker

Evaporation induced self-assembly of porous and composite
nanostructures

Mar 6 Brueck

Modeling an optical lithography system

Mar 8 Brueck

Wrap-up of imaging for microscopy and lithography

Mar 12-16

SPRING BREAK

Mar 20 Brinker

Lab demonstration of evaporation induced self-assembly and
interfacial self-assembly - materials characterization -

Mar 22 Brinker

Patterned self-assembled materials

Mar 27 Brueck

Introduction to nanophotonics: photonic crystals/plasmonics/
metamaterials

Mar 29 Brueck

Plasmonics and metamaterials

Apr 3 Brueck

Applications of nanophotonics [(im)perfect imaging, cloaking, IR
focal plane arrays – towards an infrared retina
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Apr 5 Brueck

3D patterning and non-periodic IL (chirped gratings for tunable
lasers)

Apr 10 Brinker

Biologically-directed/inspired self-assembly

Apr 12 Brinker

Cell- and DNA directed assembly, virus-like particles

Apr 17 Brinker

Applications of solution-prepared nanostructured materials in
controlled wetting and transport

Apr 19 Brinker

Responsive and mechanized nanostructured materials

Apr 24 Brueck

Applications of interferometric lithography to nanofluidics and
tunable hydrophobic/hydrophyllic surfaces

Apr 26 Brueck

More nanofluidics/Applications to solar cells

May 1 Brinker

Applications of nanostructured materials in drug delivery,
diagnostics, and imaging

May 3 Brinker

Nanoparticle and nanostructure toxicity

May 7-11

FINALS WEEK

Grading:

75%
25%

Team Project Reports (½ oral presentations, ½ written report)
Class participation and homework assignments

Projects: Teams of two or three students. Pick a nanosynthesis project appropriate to the course
material. Do a literature survey on the topic to establish the current state-of-the-art. Come up
with a research project to further this state of the art based on nano-scale derived function
resulting from your nanosynthesis approach. Sell U.S. (think of U.S. as a funding agency). Why
is your approach going to work? What are we going to learn from your proposed work.
To give you some more specific guidance, some of the topics chosen in the past include:
Virus-like particles
DNA sequencing
Single molecule sensors
Artificial photosynthesis
Synthesis of Kinesin
Nanophotonic Crystals
Self-assembly of Nanocubes
Water Purification Membrane
Patterned Organic Photovoltaics
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Control of Plasmon Resonances through DNA Origami

Note that these topics span a range from basic science to specific applications. Either is fine, we
are interested in your ability to “synthesize” the course material and come up with a proposal for
applying nanofabrication that goes beyond the class discussions and leads the field in new
directions.
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Prof. Zayd Leseman

Spring 2012

Theory, Fabrication, and Characterization of
Nano/Microelectromechanical Systems (NEMS/MEMS)
OBJECTIVES
This is a laboratory course on the physical theory, design, analysis, fabrication, and characterization
of NEMS/MEMS. Throughout this course different types of MEMS and NEMS will be discussed.
Focus will be more towards MEMS with special emphasis given to devices created using bulk and
surface micromachining processes. MEMS will be discussed in a manner showing their utility for
micro as well as nanoscience research. As such, special attention will be given to the scaling effects
involved with operation of devices at the nano/microscale.
The laboratory is to be organized into several modules. The first module has the students undertake
a project from beginning to end. Specifically, a MEMS Electrostatic Actuator will be fabricated
and characterized by the students. Lab reports will discuss the theory, design and analysis. The
other modules consist of one-week and two-week laboratories in which students will be exposed to
several common MEMS devices and NanoFabrication Techniques.
SCHEDULE:
Lectures: MW 8:00-9:20 in ME214
Labs: M 2:30-5:30 / T 8-11 / W 2:30-5:30 / R 8-11 / F 8-11 MTTC Cleanroom and other labs on
the UNM Main Campus
INSTRUCTORS:
Instructor: Zayd Leseman, ME403, 277-4940
e-mail: zleseman@unm.edu (accessible via e-mail for questions and appointments)
Office hours: MW 9:30- 10:30 (ME403) and by appt.
MTTC Laboratory Supervisor:

Harold Madsen, 241 MTTC, 272-7149, hmadsen@unm.edu

Lead Teaching Assistant:

Khawar Abbas, 154 MTTC, 272-7159, kabbas@unm.edu

TEXT: Introductory MEMS: Fabrication and Applications, T. M. Adams and R. A. Layton, 1st ed.
PREREQUISITES:
Graduate (500 level) or senior standing in engineering, physics or chemistry (400 level)
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GRADING:
Homework1: 20%
Lab Reports: 40%
Midterm1: 20%
Final Project: 20%
HOMEWORK:
Homework will be assigned weekly. Every Wednesday an assignment will be handed out that
covers the material from that week. Assignments will be collected at the beginning of class the
following Wednesday. The two lowest homework scores will be dropped at the end of the
semester.
LABORATORIES:
Attendance is MANDATORY. Penalties will be assessed by the Teaching Assistant. There is
no lab manual. Each lab is its own individual handout.
WebCT:
All course material is contained on WebCT. You can log into WebCT at:
http://vista.unm.edu
Syllabus:
The following syllabus contains the tentative schedule for the semester. Students are
advised to check WebCT regularly for updates. Note that the numbers in the middle of the
cells for the Monday and Wednesday columns refer to the chapter and section of the course
text (Chapter.Section).

1

Undergraduate students will be given a reduced workload due to the level at which this course is taught. Please see
instructor for more details.
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Week

Monday
No Class

(4)

13
14
15
16

Actuator Fab 1

2.3

Assignment 2 – In
Assignment 3 - Out

Actuator Fab 2

2.4

Assignment 3 – In
Assignment 4 - Out

No Lab

4.1 - 4.3

Assignment 4 – In
Assignment 5 – Out

Film Stress 1

4.4

Assignment 5 – In

Film Stress 2

Midterm

None – Spring Break

No Lab

Spring Break

Spring Break

Spring Break

Assignment 6 – Out

AFM Demo

Dynamics

Assignment 6 – In
Assignment 7 - Out

No Lab

Thermal Actuators

Assignment 7 – In
Assignment 8 - Out

Micro – Gears/Grippers
Thermal Actuators

Assignment 8 – In
Assignment 9 - Out

No Lab

Assignment 9 – In
Assignment 10 - Out

Microchannels

Assignment 10 – In
Assignment 11 - Out

No Lab

Assignment 11 – In

Focused Ion Beam

(7)

2.1 – 2.2
(2/8)

(8)

2.4
(2/15)

(9)

(10)

2.4
(2/22)

(11)

(12)

4.3
(2/29)

(13)

(14)

4.4
(3/7)

Spring Break
(3/12)

(3/14)

(15)

(16)

Mechanics (5/10)
(3/19)

12

Assignment 1 – In
Assignment 2 - Out

(2/1)

(6)

9

11

3.1 – 3.6

(5)

(3/5)

10

Safety Training

3.1 – 3.6

(2/27)

8

Assignment 1 – Out

(1/25)

(2/20)

7

1.1 – 1.4

(3)

Safety Training

(2/13)

6

No Lab

(2)

(2/6)

5

Laboratory

No HW

(1/18)

(1/30)

4

Assignments

Intro

(1/16)

(1/23)

3

Wednesday

Spring 2012

(1)

1
2

Prof. Zayd Leseman

Mechanics (5/10)
(3/21)

(17)

(18)

Dynamics
(3/26)
(19)

(3/28)
(20)

Gears
(4/2)

(4/4)

(21)

(22)

Thermal Act (11.3) Microfluidics (12)
(4/9)

(4/11)

(23)

(24)

Microfluidics (12) Microfluidics (12)
(4/16)

(4/18)

(25)

(26)

Carbon Nano

Carbon Nano

(4/23)

(4/25)

(27)

(28)

Final Presentations Final Presentations
(4/30)

(5/2)
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NSMS 550 (001, 002): Responsible Conduct of Research and Nanotechnology
Fall 2012, Sept 18 – Oct 23, 2012 Tuesday 4-6:15, Woodward 149
Instructor: William L Gannon, Ph.D.
In this course, students will examine issues arising from this emerging technology, including those
of privacy, health and safety, the environment, public perception and human enhancement. They
will become aware of their responsibilities and role for conducting research with integrity.
Contact Information: Bill Gannon, wgannon@unm.edu , 505-249-7906, 1717 Roma (Building
Number 26), Suite 205. Office Hour: Tuesday 1-2, by appointment
Course Description
Responsible Conduct of Research (RCR) is the practice of scientific investigation with integrity. It
involves awareness and application of established professional norms and ethical principles in
performance of all activities related to scientific research. It also includes most of the professional
research activities that are coming under increasing regulatory scrutiny.
As of 4 January 2010 for NSF and 26 January 2010 for NIH, any researcher supported by NIH or
NSF should be concerned about RCR requirements. Post-docs, graduate students, and
undergraduate students supported by funding must receive RCR instruction within 1 year of the
award. Including NSF and NIH, funding agencies have different requirements, but UNM has set
certification good for 4 years before a refresher course is taken. More detailed information on the
UNM standards (Scientific Integrity Plan; SIP) can be found at
http://research.unm.edu/researchethics/ .
Course Requirements and Policies
1) Email and Internet Access
I will post class announcements, course materials, and presentations on DropBox
(http://www.dropbox.com/). Therefore, you must have reliable and regular access to the internet
and do not need a UNM username and password. I will provide instructions on accessing drop
box the first class period.
2a) Required Texts
 On Being a Scientist (PDF and hardcopy provided)
 Frankenstein by Mary Shelley (the original 1818 text edited by DL MacDonald and K Scherf
(ISBN 1-55111-308-2) or any other original version, in any media
Suggested Text:
 Macrina, F. L. 2005. Scientific Integrity (Third Edition) text and cases on the responsible
conduct of research: ISBN 1-55581-318-6
2b) Handouts provided – many current examples of RCR content from literature will be provided
either in hard copy or at NSMS 550 Drop Box.
3) UNM’s Withdrawal Policy for semester-long courses:
 The last day to drop any short/late start course is detailed on Bursar’s website,
http://www.unm.edu/~bursar/tuitionfeesfall.html
 If you withdraw from the course please be aware of the rules regarding WP or WF and the
deadlines that are involved

4) Instructor Withdrawal Policy:
I will enforce the following instructor withdrawal policy for this course:
If a student has not shown up to class after the first 2 sessions, he/she will be dropped from the
course. If a student has not attended at least 4 of the 6 sessions they will not receive RCR
certification. However, the student may opt to supplement RCR instruction through other sources
up to 1-year after this course has completed to still earn a certification in RCR. Please consult with
the instructor if this is the case.
5) Appropriate Classroom Behavior
Syllabi Blurb (from the Office of Graduate Studies http://ogs.unm.edu/currentstudents/academic-integrity.html)
Academic Integrity. Academic integrity encompasses the core values and basic principles of
honesty and responsibility that govern our practices as scholars, researchers, and creative artists in
the university. Unfortunately, incidents of academic dishonesty, especially plagiarism, have been
increasing throughout colleges and universities in the United States. Plagiarism is the act,
intentional or unintentional, of using other people’s words or ideas as your own. This trend in part
results from the ready availability of papers and resources on the Internet. The university, college,
department, and I expect you to write your own papers and to provide full and accurate citations
for any specific ideas or language—words, phrases, sentences—that you take from outside sources,
including the Internet. Refer to the UNM Pathfinder and the UNM Catalog for the university’s policy
on Academic Dishonesty. Following the guidelines of UNM policy, any act of academic dishonesty
in this class will be reported to the department and to the Dean of Student’s office and may result
receiving an F on the assignment, dismissal from class with a final grade of F, and even suspension
or expulsion from the university, depending upon the severity of the violation.
Academic Dishonesty and Plagiarism Policy. Academic dishonesty includes cheating, fabricating
or falsifying information or sources, improper collaboration, submitting the same paper for
different classes without permission, and plagiarism. Plagiarism occurs when writers deliberately
or unintentionally use another person's language, ideas, or materials and present them as their own
without properly acknowledging and citing the source. Familiarize yourself with UNM’s Student
Code of Conduct and UNM’s policies on academic dishonesty.
Plagiarism. Plagiarism is taking credit for someone else’s work whether deliberately or
unintentionally. This includes but is not limited to turning in all or part of an essay written by
someone other than yourself (a friend, an Internet source, etc.) and claiming it as your own, and
including information or ideas from research material without citing the source. The University of
New Mexico considers plagiarism a serious form of academic dishonesty. Avoid plagiarism by
carefully and correctly citing your sources whenever you use someone else’s words, equations,
graphics, or ideas. If you are unsure of something and are worried you may be plagiarizing, come
see me, or go to CAPS. Plagiarism in this course results in one or more of the following
consequences: failure of the assignment, failure of the course, and/or disciplinary action by the
University. Cite sources carefully, completely, and meticulously; when in doubt, cite. Consult the
Pathfinder for UNM’s Student Code of Conduct and the Dean of Student’s Academic
Integrity/Honesty for more information.
Please be aware of the following rules of behavior for this class:
• Cell phones must be turned off / put away during class. In other words, phone calls and textmessaging will NOT be tolerated. If you use your phone during class, you will be asked to leave.
• Please be respectful; if you arrive late enter the room quietly to prevent disruptions.

6) Grading Policy
This class is “pass with certification” in the Responsible Conduct of Research or “not pass.” This
will result in either an “A” or withdraw. Withdraws will be either “WF” or “WP” depending on
your attendance. You must attend each session and participate in order to pass. A sign in sheet
will be distributed each session to document attendance. Let me know if there are any issues that
you might have affecting this policy.
7) NSMS 550: Tentative Schedule for Weeks 1-6
The schedule of topics we will cover may vary; however we will meet every Tuesday as scheduled.
Regularly check NSMS DropBox for new materials. Assignments can be emailed to
wgannon@unm.edu and/or placed in student folder on DropBox.
TOPIC

READINGS

WEEK 1
18 Sept

Introduction to RCR and Research
misconduct- Plagiarism, Fabrication,
Falsification

On Being a Scientist, and Research Ethics paper
See DropBox

WEEK 2
25
Sept

Human and other animals in research;
Whistleblower ethics; Begin Mentoring

WEEK 3
2 Oct

Mentoring workshop

WEEK 4
9 Oct

Conflict of interest and commitment and
Authorship, publication, sharing peer
review Also, Data acquisition, management,
ownership

Handouts; be sure to read Frankenstein.

WEEK 5
16 Oct

Collaborative research, (incl with industry)
The scientist as a resp member of society
Issues in Nanotechnology

Prepare one page summary of an issue (these
will be prompted) due. Presentations and
Guest Speaker

WEEK 6
23 Oct

Issues in Nanotechnology
Wrap up, summary, case study discussion

Presentations and Guest Speaker
Case studies; final paper due; assessment

Assignment I
Scientists Behaving Badly handout;
Mentoring from Nature
ORI The Lab: Avoiding Research Misconduct
interactive video; “Bring your mentor to class”
day

Appendix E - Agendas from NSMS Retreats

NSMS IGERT ORIENTATION
Tuesday, July 14th, 2007
9:00AM
UNM SUB Acoma A & B
9:00

Welcome

9:05

NSMS IGERT Program Review

9:15

Introduction of IGERT Management team

9:20

Presentation of IGERT fellows

9:30

Key elements of the IGERT program
i.
ii.
iii.
iv.

Education
Interdisciplinary Research
Professional Development
Outreach

9:50

Audience feedback: What do you want from the IGERT?

10:00

Break

10:10

Break out sessions – Program planning
How can we structure the IGERT program elements
to meet our goals?
i. Education
1. New course development
2. Concentration
ii. Interdisciplinary Research
1. Mentorship
2. Lab rotations
3. Events
a. Retreat, orientation, open house
iii. Professional Development
1. Seminars
2. Workshops
iv. Outreach
1. Exhibits
2. Classroom visits
3. Teacher workshops
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Appendix F – NSMS-GSA Curriculum Review

NSMS core curriculum comments composed by NSMS-GSA
General Comments:
•

Teach with & towards learning objectives, while emphasizing the importance of each and
class:
o By providing students with learning objectives they are better able to understand
the course content and its location in the process of their learning. It is important
to remember to emphasize the importance of the learning objective in context to
the nano field along the way in order to drive the students understanding, as well
as providing both an overview and introductory section.
• Offer an individual project option
o It is important to learn to work in groups, but not always necessary and/or
appropriate. By offering an individual option to some projects, some students can
learn better, and will not feel as though they cannot call out unbeneficial group
member.
• Bound course materials (e.g. articles, relevant book chapters) for student purchase are
appropriate and necessary for such courses
o By finding research/reference material and binding them in one volume of work,
to be given out to students at the start of the class (or bought), will help by give a
reference even though none may exist for such courses.
• Hands on learning helps break up a static theory
o By providing even small hands on demonstrations students understanding is
greatly improved, and class directions and flow can be better exhibited, rather
than lectures alone.
• Better communication in classes with split teaching
o Students generally felt that classes with two professors were more disorganized
than individually taught classes. This was mostly due to a disconnect between the
subject matter being taught. And can be helped by fully structuring subject matter
to flow between blocks, of several classes at a time, taught by an individual
teacher. Better flow is maintained by professors sitting in on the other’s lectures.
• Integrate Case Studies or Problem Based Learning
o Students feel they learn best through Case Study or Problem Based learning.
o Case Study: Group discussion centered around a prominent paper in the field
which students are required to read and critically analyze. The individual
digestion is then supplemented by a group discussion with the entire class or
break out groups.
o Problem Based Learning (PBL): Students generally work in collaborative groups
on challenging, open-ended, loosely-defined, and loosely-structured, small
projects (2-3 weeks). Problem based learning environments may be designed for
individual learning, but the focus is on student led research directed toward a
given subject [1].
NSMS 519 MEMS:
Suggestions for improvement:
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•

•
•
•
•
•

•

•

Efficient use of lab time
o Students in the lab would benefit more in seeing several processes in one lab
period rather than having to wait on each long step. Similar to the food network,
labs could be conducted in a more efficient time period by having finished
examples of each step ready to move on to the next process.
Sync labs to corresponding lectures
o Be sure homework/lectures surrounding labs correspond to subjects/techniques
covered.
Lab manual should be more straightforward
o Students must often consult the laboratory TA in order to determine what is
required of them during the lab write up, this is not clear enough in the lab manual
Less theory & More examples/application of MEMS/NEMS
Lacked an overview section
o Talk about several devices and their uses, and basic steps in their fabrication
More Graduate level Homework
o Less homework questions requiring copying text from the book and more
addressing critical thinking tasks such as designing your own device. This would
be a better preparation for exams and improve exam grades, as well as prepare
students for designing their own devices for use in research.
Strengths of class:
o Some people are already using lab component learning objectives
o Leseman found answers to any questions he did not already know and brought
them to class at a later date
o This is the only hands on NSMS course
o Students liked fabricating devices
o The lecture was very well organized/Leseman was very well prepared
o Equation/calculation were always presented in lecture before homework
o Nanotechnology lectures that Ron gave were relevant and interesting
o Not relying on a PowerPoint was great
o Scream diagram: good example of explaining a process
Weaknesses of class:
o Needs to be more hands on in lab
o One bigger product that connected more fabrication techniques would have been
more educational.
o Too much down time in lab
o Too much detail
o Lab: more but quicker projects
o Lacked an overview section
o 8 AM start time was difficult
o Homework: many questions involved copying book text onto homework page.
 Not much critical analysis on homework
 Homework answers were often copied from book
 It was busy work – make it more interactive
• Case studies as homework
 Tracing diagrams from book was not as beneficial
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We enjoyed homework problems where we designed MEMS fabrication
schemes
o Applications of Nanotechnology (NEMS) should be included in this class
 It is often the first time a student is introduced to the Nanoscale
o Lab component
 Lab manual was not straight forward
 Relevant lab material was not covered in class
 Corresponding homework to lab be helpful
 Dichotomy from lab to lecture
 Had to ask Khawar to fill in gaps
 Too many students in the lab class
• Student to TA ratio too high
 Sync lab and corresponding lecture
o Early Exam Preparation would have been helpful (not the class before)
NSMS 518 Synthesis:
Suggestions for improvement:
•

There must be a syllabus
o Students felt as though they were left to flounder, with no idea of expected due
dates, quizzes exams, and lecture topics. A list of lectures with presiding
professor, and major milestones in the class will help to alleviate this.
• A lab component would be beneficial
o A synthesis class should be more hands on. Even lab tours and demonstrations out
of class would be beneficial, focusing on each student learning at least one
micro/nanoscale synthesis method.
• Problem based learning would have been better than a big project
o Problem based learning: Students generally work in collaborative groups on
challenging, open-ended, loosely-defined, and loosely-structured, small projects
(2-3 weeks). Problem based learning environments may be designed for
individual learning, but the focus is on student led research directed toward a
given subject [1].
• Bound course materials (purchased by student) would be more beneficial than scanned
materials
o By finding research/reference material and binding them in one volume of work,
to be given out to students at the start of the class (or bought), will help by give a
reference even though one on such a course may not exist.
• Explanation of teaching practices
o By explaining teaching practices, as seen below, much of the stress experienced
by students in not knowing what to expect could be avoided.
 Open ended quiz solutions (the answer is not yet known, or no wrong
answer)
 Quiz resubmission allowance
Strengths of class:
• Students were glad to have Brinker & Brueck’s as research/teaching faculty; students
greatly value their collective knowledge of industry and the field
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Professors were available when asked for help
Quiz take home/redo was beneficial to learning
o As well as going over homework questions in class
• Final project was challenging
• Loved the sol gel demonstration in class
• Brueck gave a great intro into limits of lithography
Weaknesses of class:
• No Syllabus
• Disorganized
o Instructors unprepared for lecture
o Students were unprepared for lecture (due to lack of syllabus)
• No lab component
• Lacks and overview
o At the beginning of classes – detail importance of fabrication/application
• PowerPoint slides made available before lectures would have been more beneficial
• Poor quality of scanned materials
• Please leave lights on while giving PowerPoint
o And/or give a short stretch break
• Classes often went way over time
NSMS 512 Characterization:
Suggestions for improvement:
•

More Hands on
o A characterization class should focus on teaching the students what methods and
materials are available to them for characterizing micor/nanoscal materials. Lab
tours of functioning and available machines such as TEM & SEM would have
been very beneficial to student learning.
Strengths of class:
• Video Taping was great and very beneficial to learning
• Dr. Grey’s Raman set up was great
Weaknesses of class:
• Abhaya should have given his introduction into the subject at the beginning of the class
and not in the middle of the semester.
• Was better set up to be two (full) classes as currently broken up
NSMS 510 Chemistry & Physics:
Suggestions for improvement:
•
•

Better balance between time spent on Physics and Chemistry subjects
Assign a student to control presentation timing
o This will alleviate pressure on teachers for controlling direction and grading, as
well as to limit time spent on presentations. With this stipulation announced
previously, any students that miss opportunity to present can choose to arrange a
time with teachers only.
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Strengths of class:
• Video Taping was great and very beneficial to learning
• Professors were very entertaining
Weaknesses of class:
• Chemistry section needed more detail (depth cut out due to presentations and physics)
• Prompts for projects must be changed
o No consistency among group projects
• Group projects too detailed (prompts should be changed)
o Try to get projects to tie together
• Add a class period on molecular modeling
• Many students were not familiar with matlab or a coding software for conducting
homework
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Appendix G – NSMS Seminar Announcements
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Appendix H – NSMS Public Speaking Assessment Form
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Appendix I – UNM NSMS Memorandum of Understanding 2006
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Appendix J – NSMS Ph.D. Graduates Employment and Dissertation Titles
Ph.D.
Students

Graduatio
n Semester

David
Kissel

2007,
Fall

Ryan
Molecke

2011,
Spring

Shisheng
Xiong

2011,
Spring

Dissertation Title
Title: The Viscosity of Water Restricted to
Single Molecular Layers Measured Using
Advanced Surface and Shear Acoustic
Techniques
Title: Characterization, Modeling, and
Simulation of Multiscale Directed-Assembly
Sysytem
Title: Functional 2D Nanoparticle/Polymer
Array: Interfacial Assembly, Transfer,
Characterization, and Coupling to Photonic
Crystal Cavities

2011,
Fall

Non-platinum
Group
Metal
Oxygen
Reduction Catalysts and Their Mechanism in
Both Alkaline and Acid Media: The Effect of
Catalytic Precusors and the Ionomer.
Raytheon, Engineer III

Michael
Robson

Employer

Lotus Leaf Coatings, Chief
Technical Officer

Rensselaer, Post Doc

University of Wisconsin at
Madison, Post Doc
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Appendix K – NSMS MS Graduates Employment and Thesis Titles

M.S. Students
Sarah Dufay

Graduatio
n Semester
2008,
Fall

Daniel
Konopka
Amber
McBride

2009,
Fall
2010,
Fall
2010,
Amanda Staker Fall
Elena Berliba- 2011,
Vera
Fall

Thesis Title

Plan II
Title: Aerosol Synthesis and Electrochemical
Analysis of Niobium Mixed-Metal Oxides for
the Ethanol Oxidation Reaction in Acid and JPL
Research
Alkaline Electrolyte
Scientist
Pursuing
Ph.D.,
Plan II
NSMS
Title:
Carbon
Coating
for
Improved Pursuing
Ph.D.,
Hydrothermal Stability of Silica Supports
University of Kansas
Intel Research
Plan II
Scientist

Andrea
Gonzales

2011,
Fall

Plan II, PSM

Mekensey
Buley

2011,
Fall

Plan II, PSM

Robin Kalinich
Alaa Elmoued
Cameron
Harrison
Harry Pappas
Rachel Hjelm

2011,
Fall
2011,
Fall
2011,
Fall
2011,
Fall
2011,
Fall

Plan II, PSM
Plan II, PSM
Plan II, PSM
Plan II, PSM
Plan II, PSM

Noel Dawson

2011,
Spring
2011,
Summer

Paul Durfee

2011,
Summer

Plan II, PSM

Michael
Robson

2011,
Summer

Plan II, PSM

Patricia Langan

Employer
Cabot - Research
Scientist

Plan II, PSM
Plan II, PSM

Applied
Research
Associates - Research
Scientist
Pursuing
a
MS,
Biomedical
Engineering
Pursuing a MS, John
Hopkins
SNL
Technologist
Pursuing MD
Pursuing
Ph.D.,
NSMS
Pursuing
Ph.D.,
NSMS
Pursuing
Ph.D.,
NSMS
LANL - Intern Pursuing
Ph.D.,
NSMS
Pursuing
Ph.D.,
NSMS
Pursuing
Ph.D.,
Biomedical
Engineering
Raytheon - Research
Scientist - Pursuing
Ph.D., NSMS
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M.S. Students
Haytham
Soliman

Graduatio
n Semester

Jean Leger

2011,
Summer
2011,
Summer
2012,
Spring

Michelle
Raymer
Athena
Christodoulou

2012,
Spring
2012,
Spring

Adam Tsosie

Allister
Hamilton

2012,
Spring
Graduatio
M.S. Students n Semester
2012,
Ahn Dung Le
Spring
Dung
Tien 2012,
Nguyen
Spring
Jonathan
2012,
Roybal
Spring
2012,
Matt Graus
Spring
Mike
2012,
Zubelewicz
Spring
Jennifer
2012,
Pelowitz
Spring

Thesis/Dissertation Title

Plan II, PSM
Plan II, PSM
Plan II, PSM

Plan II, PSM
Plan II, PSM

Employer
Pursuing
Ph.D.,
University of Texas
at Austin
Unknown - Lost
communication
SNL - Research
Scientist
Pursuing
Ph.D.,
Washington
University in St.
Louis

Plan II, PSM

Entrepreneur
Defiant
Technologies, Inc.,
Research Scientist

Thesis/Dissertation Title

Employer

Plan II, PSM

Plan II, PSM

Pursing Ph.D., BGSP
Pursuing
Ph.D.,
BGSP
Unknown - Lost
communication

Plan II, PSM

Pursing Ph.D., NSMS

Plan II, PSM

Pursing Ph.D., NSMS

Plan II

Pursing Ph.D., NSMS

Plan II, PSM
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Appendix L – NSMS Undergraduate Course Enrollment by Semester and Year

Term

Year

Course
Number

Fall

2007

CHEM 410,
CHEM 471,
ME
461,
CHNE 499

Spring

2008

CHEM 471,
PYSC 410

Professor

Number of
Students
Enrolled
Under
Cross List
Course

Zayd Leseman, Abhaya Datye

12

36

Debi Evans, David Dunlap

23

69

Professor

Number of
Students
Enrolled
Under
Cross List
Course

Total
Credit
Hours

Total
Credit
Hours

Term

Year

Course
Number

Fall

2008

ME 461

Zayd Leseman

3

9

Spring

2009

CHEM 471

Debi Evans

36

108

Fall

2009

CHEM 471,
ME 461

Abhaya Datye, John Grey, Zayd
Leseman

9

27

Spring

2010

CHNE 499

Abhaya Datye

2

6

Fall

2010

CHNE 499

John Grey, Abhaya Datye

2

6

Spring

2011

CHEM 471,
PHYC 410

Debi Evans

20

60

Fall

2011

CHEM 471

Abhaya Datye

6

18

Spring

2012

CHEM 471,
ME 419

Debi Evans, Kevin Malloy, Zayd
Leseman

19

60

132

399

Totals
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Appendix M – NSMS Graduate Course Enrollment by Semester and Year
Term

Year

Fall

2007

Term

Year

Spring

2008

Fall

2008

Summer

2009

Spring

2009

Fall

2009

Spring

2010

Summer

2010

Course
Number

NSMS 512,
NSMS 519
Course
Number

NSMS 510,
NSMS 518,
NSMS 538,
NSMS 572,
NSMS 574
NSMS 512,
NSMS 519,
NSMS 550,
NSMS 595
NSMS 599,
NSMS 650,
NSMS 699
NSMS 522,
NSMS 572,
NSMS 574,
NSMS 595,
NSMS 650,
NSMS 699
NSMS 512,
NSMS 519,
NSMS 550,
NSMS 574,
NSMS 595,
NSMS 650,
NSMS 699
NSMS 510,
NSMS 518,
NSMS 572,
NSMS 595,
NSMS 650,
NSMS 699
NSMS 510,
NSMS 550,
NSMS 599,
NSMS 650,
NSMS 699

Instructors

Number
of
Students
Enrolled
in
NSMS
section

Number
of
Students
Enrolled
Under
Cross
List
section

NSMS
Hours
Student
x
Credit
Hours

Total
Credit
Hours

25

13

75

114

Number
of
Students
Enrolled
in
NSMS
section

Number
of
Students
Enrolled
Under
Cross
List
section

NSMS
Hours
Student
x
Credit
Hours

Total
Credit
Hours

Debi Evans, Jeff Brinker, Steve Brueck,
Plamen Atanssov, Scott Sibbett, David
Whitten, Larry Dawson, Steve Hersee

35

58

105

279

John Grey, Zayd Leseman,
Caldera, Sang Han, Evan Evans

60

22

180

246

3

0

15

15

Dimiter Petsev, Larry Dawson, Steve
Hersee, Abhaya Datye, Zayd Leseman,
Jeff Brinker

22

26

62

140

Abhaya Datye, John Grey, Zayd
Leseman, Marek Osinski, Steve Hersee,
Plamen Atanassov, Evan Evans, Susan
Atlas, Debi Evans, Jeff Brinker, Eva
Chi, Marek Osinski, Wolfgang Rudolph

115

61

333

506

Debi Evans, David Dunlap, Jeff
Brinker, Ravinder Jain, Maarten De
Boer, Zayd Leseman, Dimiter Petsev,
Marek Osinski, Zayd Leseman,
Wolfgang Rudolph

74

32

214

310

Debi Evans, Abhaya
Brinker, Sanjay Krishna

16

0

45

45

Abhaya Datye, Julia Fulghum, Adrian
Brearley, David Keller, Heinz Nakotte
(NMSU) and Tanja Pietrass (NM Tech)
Instructors

Abhaya
Datye,
Wolfgang Rudolph

Gabriel

Eva

Lopez,

Datye,

Jeff
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Fall
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Year

2010

Spring

2011

Term

Year

Fall

Summer

Spring

Total

Course
Number

NSMS 512,
NSMS 519,
NSMS 550,
NSMS 595,
NSMS 650,
NSMS 699
NSMS 410,
NSMS 510,
NSMS 518,
NSMS 581,
NSMS 595,
NSMS 650
Course
Number

Instructors

Number
of
Students
Enrolled
in
NSMS
section

Number
of
Students
Enrolled
Under
Cross
List
section

NSMS
Hours
Student
x
Credit
Hours

Total
Credit
Hours

Abhaya Datye, Zayd Leseman, Marek
Osinski, Plamen Atanassov, Debi
Evans, Heather Canavan, Sanjay
Krishna, Diane Lidke, Elizabeth Dirk,
Wolfgang Rudolph

105

38

317

423

Kevin Malloy, Jeff Brinker, Marek
Osinski, Plamen Atanassov, Debi
Evans, Abhaya Datye, Dimiter Petsev,
Susan Atlas, Pavan Muttil, James
Freyer, Wolfgang Rudolf

75

13

229

262

Number
of
Students
Enrolled
in
NSMS
section

Number
of
Students
Enrolled
Under
Cross
List
section

NSMS
Hours
Student
x
Credit
Hours

Total
Credit
Hours

Instructors

2011

NSMS 510,
NSMS 512,
NSMS 550,
NSMS 595,
NSMS 650,
NSMS 699

Debi Evans, Abhaya Datye, William
Gannon, Marek Osinski, Plamen
Atanassov, Sang Han, Yang Qin, Susan
Atlas, Kevin Stevenson, Zayd Leseman,
Kevin Malloy, Sanjay Krishna, Diane
Lidke, Elizabeth Dirk, Pavan Muttil,
John Grey, Dimiter Petsev

103

42

335

456

2011

NSMS 510,
NSMS 550,
NSMS 595,
NSMS 650,
NSMS 699

Debi Evans, Jeff Brinker, Diane Lidke,
Elizabeth Dirk, Plamen Atanassov,
Kevin Malloy, James Freyer, David
Whitten, John Grey, Walker Wharton,
Wolfgang Rudolph

35

0

101

101

2011

NSMS 518,
NSMS 519,
NSMS 581,
NSMS 595,
NSMS 599,
NSMS 650,
NSMS 699

Jeff Brinker, Zayd Leseman, Marek
Osinski, Laurie Hudson, Debi Evans,
Kevin Malloy, Plamen Atanassov,
Diane Lidke, Susan Atlas, Dimiter
Petsev, Pavan Muttil, Elizabeth Dirk,
Graham Timmins, Walke Wharton,
Zayd Leseman
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23

313

373

1195

565

3595

5348
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Appendix N – NSMS List of Current Enrolled Graduate Students

Godwin Amo-Kwao
Leisha Armijo
Paul Bisong (INTEL)
Avida Cahana
Mario Santiago Rojas Carbonnel
Jonathan Dorsey
James Fitch
Matthew Graus
Eric Hill
Patrick Johnson
Patricia Langan (LANL)
Joan Loughrin (INTEL)
John Montoya
Harry Pappas
Eric Peterson
Antonio Rivera
Ronald Salesky
Darryl Shima (INTEL)
James Wendelberger (LANL)
Jonathan Wu
Michael Zubelewicz

Nalin Andersen
Francsico Benito
Masoud Bolourchi (INTEL)
Stephen Clark
Vincent Cowan (AFRL)
Kenneth Douglas (Sandia)
Mark Fleharty
Cameron Harrison
Rachel Hjelm
Emmalee Jones
Anh-Dung Le
Eric Martin (INTEL)
Stephen Myers
Mario Paz
Jamin Pillars
Jared Roy
Samantha Schwartz
Stephanie Tornga (LANL)
Adam Wise
Manal Yousof

Ayesha Arefin (LANL)
Alicia Billy (INTEL)
Brittany Brancy (LANL)
Andew Cochrane
Noel Dawson
Marisa Durfee
Tieshia Francis
Jonathan Herbert
Jeremiah Houghton
Sarah Kintner
Ryan Lopez
Amber McBride
Duy Nguyen
Jennifer Pelowitz
John Plumley
Matthew Rush
Josephine Sheng
Michael Wallace
Michael Workman
Jingshu Zhu
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Appendix O – NSMS Current Enrolled Graduate Student Demographic Information

NSMS 2012 Gender
Men
30%

Women

African American

Asian

Caucasian
Hispanic

70%

Native American
Pacific Islander

Undergrad Degree From
UNM or
Outside UNM
UNM
33%

Outside
UNM
67%

NSMS 2012 Ethnicity

0%

20%

40%

60%

Distribution of Current NSMS Students by
Advisor Home Department
Biomedical Engineering

Chemistry

Electrical && Computer…
Pathology
Physics

Undecided

2
2
2
2

5

3

8
5

6

80%

19

7
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Appendix P – NSMS Associated Faculty List
Plamen Atanassov
Susan Atlas
Ganesh Balakrishnan
Adrian Brearley

Martin Kirk
Steve Koch
Sanjay Krishna

C. Jeff Brinker
Steve Brueck

Luke Lester
Fu-Sen Liang
Kevin Malloy
Janet Oliver
Marek Osinski
David Peabody
Dimiter Petsev
Yang Qin
Wolfgang Rudolph
Andrew Schuler
Andrew Shreve
Mahmoud Taha
James Thomas
Graham Timmins
Angela Wandinger-Ness
Tim Ward
Margaret Werner-Washburne
Bridget Wilson
John Wood

Heather Canavan
Eva Chi
Laura Crossey
Abhaya Datye

Elizabeth Dirk
David Dunlap
Jeremy Edwards
Deborah Evans

Hongyou Fan
James Freyer
Steven Graves
John Grey
Hua Guo
Sang Han
David Hanson
Ravinder Jain
David Keller
Tariq Khraishi

Zayd Leseman
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Appendix Q – Innovation Academy Project Summary
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